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ABSTRACT—Selected well sections have been studied in an attempt to increase our 
knowledge of the relationships of foraminifers to their sedimentary environment. 


Results disclosed that, when foraminifers have not been displaced from a life en- 
vironment, the outline, cross-section, ornamentation, and shell thickness of their 
tests have a noticeable correlation with the type of sediment in which they are in- 


corporated. 








INTRODUCTION 


HE work on this project was performed 
by the author during the summer and 
fall of 1954. 

It was instituted in an attempt to discover 
clues which would explain why certain 
foraminifers, which occur in moderate to 
deep water environments, appeared to be re- 
stricted to certain types of sediments. For 
this purpose, laminated and intercalated 
massive sediments of both upper Miocene 
and upper Pliocene age were studied. From 
the data obtained, certain basic relation- 
ships became evident. These relationships 
provide a means by which a part of the sedi- 
mentary environment may be interpreted. 
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GENERAL STUDY 


The foraminiferal species Cassidulinella 
pliocenica Natland and _ Cassidulinella 
renulinaformis Natland were picked as 
Pliocene and upper Miocene guides in the 
approach to this problem. These two fora- 
minifers have delicate unornamented thin 
walled tests, and their occurrences are quite 
restricted. This indicates that a specialized 
set of environmental factors is required for 
their occurrence in the stratigraphic column. 

Examination of the several hundred well 
descriptions available from the Los 
Angeles and Ventura basins clearly showed 
that the two guide species usually occurred 
in only the very fine grained laminated sedi- 
ments. It was decided to study both these 
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laminated and the adjoining massive foram- 
iniferal sediments from a representative 
group of wells. Sixty-six sets of samples con- 
taining both types of sediment from equiv- 
alent depths were selected from 35 wells. 
The majority of the laminated sediments in 
these selected sections contained these 
cassiduline guides; however, approximately 
fifteen percent did not. These latter were 
chosen in order to reduce the possibility of 
erroneously relating factors in the sedi- 
mentary environment to the occurrence of 
the Cassidulinella. 

The term ‘‘massive,’’ as used here, refers 
to beds four-tenths of an inch or more in 
thickness having no _ strongly oriented 
arrangement of their constituents. The term 
“‘laminated”’ refers to beds less than four- 
tenths of an inch thick, having a typically 
layered orientation of a majority of their 
constituents. 

For this study the original rock was 
broken, wherever possible, so that a rock 
specimen containing both laminated and 
massive sediment could be observed directly 
through a microscope. This made possible 
the observation of foraminifers on both 
sides of the laminated-massive boundary. 

It was found on examination of these sam- 
ples that there was a change in foraminiferal 
test-form across this boundary. Species that 
were present in both types of sediment had 
consistently stronger ornamentation in the 
massive than in the laminated. Species that 
occurred only in the massive sediments were 
consistently more highly ornamented than 
species which occurred only in the lami- 
nated. 

Test cross-section also varied noticeably 
across the massive-laminated boundary. In 
general, tests were less inflated in the mas- 
sive than in the laminated. Sharp-edged and 
keeled forms usually predominated in the 
massive, while rounded-edged and keelless 
forms usually predominated in the lami- 
nated. 

This striking change in shell form occurred 
in all samples regardless of the presence or 
absence of the cassiduline species used ini- 
tially as guides for the investigation. It thus 
appeared that the factor or factors govern- 
ing their absence in the majority of the 
massive sediment and their occurrence in 
the laminated sediment also affected the 
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shell form of the other foraminifers. 

Examination of the other constituents of 
these samples disclosed no apparent direct 
relationship to this change in test-form 
across the massive-laminated boundary, 
Certain general relationships did appear, 
however. Strength of ornamentation ap- 
peared to be related in some way to the 
average grain size of the clastic constituents. 
A fine-grained massive sediment in one 
sample would contain less strongly orna- 
mented tests than a coarse-grained lami- 
nated sediment from another sample. An- 
other relationship was apparent: The finer 
the grain of the sample, the greater the 
difference in ornamentation across the mas- 
sive-laminated boundary. 


DETAILED STUDY 


With this definite knowledge of the sedi- 
ment—shell-form relationship, a detailed 
study was made of four selected sections. It 
was hoped that with this study the key, or 
keys, to this relationship would be found. 
The four sections (Text-fig. 1), A, B, C and 
D, represent the widest range of relation- 





‘A. O Castaic 

















DC Pasedena 
l2 |RIiw 








B ANGELS 









































TEXT-FIG. J 


















ships of the foraminifers to the sediments 
found in the general study. 

Section A was selected from a well located 
in the eastern part of the Ventura Basin, 
Los Angles County, California. It con- 
tained the coarsest grained and least organic 
sediments. Sections B and C were selected 
from wells located in the east central part 
of the Los Angeles Basin, Los Angeles 
County, California. They contained inter- 
mediate sediments. Section D was selected 
from a bottom sample, located offshore in 
the western part of the Los Angeles Basin. It 
contained the finest grained and the most 
highly organic sediments. Sections A and D 
are of upper Miocene Mohnian age, Sections 
B and C are of upper Pliocene Pico age. 

Sample Preparation—For foraminiferal 
analysis, adjacent massive and laminated 
beds were split apart with a chisel. Eighteen 
hundred cc. of massive and 2600 cc. of 
laminated material were prepared from Sec- 
tion A, 400 cc. of each from B, 50 cc. of the 
massive sediments and 12 cc. of laminated 
sediments from C, and 40 cc. of each from 
D. The amount of massive material which 
adhered to the laminated, and the amount 
of laminated material which adhered to the 
massive was estimated not to exceed two 
percent of each sample. 

This material was broken up by hand into 
pieces approximately one inch square. Sam- 
ples were then weighed and treated with two 
milliliters of hydrogen peroxide per gram 
of sample material. This treatment broke 
down the samples while keeping damage to 
the contained foraminifers to a minimum. 
The samples were then flushed over a 200 
mesh screen, dried, and, where necessary, 
concentrated by flotation with carbon tetra- 
chloride. At no time were the samples 
stirred, rubbed, or otherwise agitated by 
any mechanical means during preparation. 

In addition, control samples of equivalent 
size were split from the initially prepared 
material and processed by conventional 
crushing and hand washing methods. In each 
case the study samples contained a greater 
number of both whole and broken specimens 
and a greater number of species than did 
the controls. Thus the samples prepared by 
this method came closer to representing the 
true foraminiferal population than those 
prepared by the standard procedure. 
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Grain size was obtained by breaking down 
and sieving, and by thin section analysis of 
representative fractions of each section. 

Organic content was determined by the 
following set of analyses. Representative 
fractions of each sample were pulverized. 
From these fractions soluble organic matter 
was extracted with carbon disulphide, and 
identified by infra-red absorption spectros- 
copy. Portions of the extracted samples 
were then used to obtain a carbonate carbon 
weight percent of sample by the carbonate 
absorption train method. Additional por- 
tions were processed in an L.I.C.O. carbon 
determinator'to obtain a total carbon weight 
percent for each sample. From these carbo- 
nate-carbon and total-carbon determina- 
tions the weight percent of bitumen-free 
organic carbon was also obtained. 

Thin sections used in the bedding and 
rock constituent analysis were prepared by 
the standard methods of cutting and grind- 
ing used in most laboratories. 

Sample Analysis.—A set of massive and a 
set of laminated samples were prepared from 
each of the four selected sections. These 
were analyzed for the following four general 
sets of data. 

Foraminiferal Shell Character—Shell 
ornamentation and cross-section were de- 
termined by study of the foraminifers from 
washed samples. A ratio of shell thickness to 
shell size was determined from the measure- 
ment of specimens in thin section. 

Foramintferal Abundance.—Representa- 
tive counts were made of each species found 
and totals computed for each sample. 

Mode of Deposition.—A portion of each 
sample was studied in thin section to de- 
termine orientation, sorting and median 
diameter of the clastic constituents larger 
than clay size. This latter is referred to as 
grain size. Density and porosity measure- 
ments were made on the Section D samples. 
These samples had not been subjected to 
load. 

Rock Constituents —Clastic content of the 
samples was determined by thin section 
study. Organic content was determined by 
chemical analysis. 

Data.—A considerable amount of data 
was obtained in the above-outlined sets of 
analyses. Those which were determined to 
be pertinent are summarized in Table 1. 
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TABLE 1—SAMPLE ANALYSIS 








Section A Section B Section C Section D 





Summary of Pertinent Data 





Ornamentation in % | (% of Sample) | 


| Mass. | Lam. | Mass. | Lam. 


_Mass. | Lam. 
18 | 





(100=all specimens in 
sample ornamented 0 
= None ornamented.) 


Foraminiferal 
Uvigerina 


100 





a ca aes (% of Sample) 


| 23 





=all 


rp 
=all round edg » Bolivina 


81 





(% of Sample) 


14 








Cassidulina 











Uvigerina, and Cassidulina per 
cent i Me and/or sharp edged speci- 
mens of total Uvigerina, Bolivina and Cas- 
sidulina fauna 


Character 





Relationship of shell thickness to length 
and width (2T/L+W X10*) 








Foraminiferal Abundance 


7,000 





Degree of orientation parallel to bedding 


Weak 





Average grain size (median diameter of 


Mode of depo- 
clastic constituents larger than clay size) 


sition 


-035 -025 -03 -025 -01 








*Density 











_ 1.28 | 





*Porosity 





52% | 


eed Mn 





Rock Clay by % volume of sample 


83 | 9 | 88 


64 | 76 | 





Constituents 





Bitumen-free organic carbon by % weight 
of sample 





1.03 57} .95| 1.16] 


1.34 S$. 38 











* Section D contained the only samples which appeared to have been subjected to little or no load. 


DISCUSSION 


Foraminiferal Shell Character—Foram- 
iniferal shell thickness increases slowly with 
increasing grain size up to approximately 
.025 mm. Beyond this point the rate of 
thickening increases rapidly with increase in 
grain size. 

Foraminiferal shell thickness increases 
similarly with the decrease of bitumen-free 
carbon content and clay content in the sedi- 
ments. 

Shell thickness is greater in massive than 
in adjoining laminated sediments. However, 
when these massive and laminated sedi- 
ments are compared from section to section, 
no such direct relationship can be found 
to exist between them as a group. Thus 
grain size and clay and organic carbon con- 
tent, rather than type of bedding, appear to 
be the predominating factors which govern 
the character of this shell form parameter 
(Text-figs. 2,3,4). 

On the other hand, when the ratio of 
ornamented to smooth shell forms per sam- 


ple is compared with the sediment, a com- 
pletely different relationship is found. Com- 
parison with grain size shows two widely 
separated sets of values, one for the massive 
sediments, and one for the laminated sedi- 
ments. Comparison with clay and bitumen- 
free carbon content also shows widely 
separated sets of values for the massive and 
laminated sediments (Text-figs. 5,6). 
Within the massive sediments the per- 
cent of ornamented specimens increases as 
grain size increases, and decreases as clay 
and organic carbon content increases, With- 
in the laminated sediments the same rela- 
tionship holds true. However, the range of 
variation in the massive sediments is be- 
tween five and 35 percent, and in the lami- 
nated it is between 70 and 100 percent. 
Thus the type of bedding, rather than 
grain size and clay and organic carbon con- 
tent, appears to be the predominating fac- 
tor which governs the ratio of ornamented 
to smooth specimens with the sediment. 
Faunas of each of the eight samples 
studied are easily recognizable as having 
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RELATIONSHIP OF SHELL THICKNESS 
TO SEDIMENTARY COMPONENTS 
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TEXT-FIG. 2 


come from either the laminated or the mas- 
sive sediments. 

The dominant characteristics of the 
foraminifers found in the laminated sedi- 
ments are as follows: 

. Absence of strongly ornamented shells. 

. Predominance of forms with subrounded 

cross-section. 


. Rounding of the edges of forms having an 
elliptical or relatively flat cross-section. 


The dominant characteristics of the fo- 
raminifers found in the massive sediments 
are as follows: 


1. Predominance of heavy walled and strongly 
ornamented shells. 

2. Predominance of sharp edges and keels on 
elliptical forms. 


These sets of characteristics hold true for 
both the Pliocene and Miocene samples. A 
few examples of the above are as follows: 


1. Among the uvigerine forms, Uvigerina ca- 
nariensis d’Orbigny is a Pliocene form coun- 
terpart of Hopkinsina magnifica Bramlette 
of the Miocene laminated sediments. These 
are completely unornamented forms and are 
practically restricted to the laminated sedi- 
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ments (only three percent of the uvigerine 
fauna in the highly organic fine-grained 
massive sample of Section D are smooth). 

. Among the bolivine forms, Bolivina subad- 
vena Cushman with rounded edges appears 
to be a Pliocene form counterpart of round- 
edged Bolivina decurtata Cushman of Mio- 
cene laminated sediments, while the sharp- 
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edged individuals of both appear to be form 
counterparts in the massive. 


. Bolivina costata d’Orbigny var. interjuncta 


Cushman appears to be a Pliocene form 
counterpart of the Miocene Bolivina wood- 
ringi Kleinpell. In the massive sediments 
both are keeled and moderately to strongly 
costate. In the laminated sediments, neither 
is keeled and both are weakly to moderately 
costate. Although none of the bolivine forms 
is completely restricted to their type envi- 
ronments, in no case do they exceed five per- 
cent of the bolivine fauna in their atypical 
occurrences. 


. Among the cassiduline forms, Cassidulina 


transluscens Cushman & Hughes appears to 
be a Pliocene form counterpart of the Mio- 
cene Cassidulina modeloensis Rankin in the 
massive sediments, and the Pliocene Cassi- 
dulinella pliocenica Natland is apparently 
the form counterpart of the Miocene Cas- 
sidulinella renulinaformis Natland in the 
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laminated sediments. Cassidulina _trans- 
luscens and C. modeloensis are both elliptical 
in section, smooth surfaced and usually sharp 
edged. Cassidulinella pliocenica and C. renu- 
linaformis are extremely thin walled with in- 
flated chambers, depressed sutures, and a 
suboval section. 






The above samples are typical of the 
general trend in each of the three generic 
form groups. The species listed also com- 
prise a large proportion of the foraminiferal 
population in the samples studied. 

The uvigerine, bolivine and cassiduline 
form groups also display certain characteris- 
tics as groups in addition to the character- 
istics listed above for some of their individ- 
ual species. 

Uvigerine.—T he uvigerines are almost all 
strongly ornamented in the massive sedi- 
ments. The only exception is the presence 
of Hopkinsina magnifica Bramlette to the 
extent of three percent of the uvigerine 
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EXPLANATION OF PLATE 87 


1— Uvigerina cf. U. striata d’Orbigny Coryall & Mossman. Section B, massive, X60. 
2— Uvigerina cf. U. canariensis d’Orbigny of authors. Section B, laminated, X60. 
3— Uvigerina cf. U. canariensis d’Orbigny of authors. Section C, laminated, X60. 
4—Bolivina decurtata Cushman, variety. Section A, massive, X60. 

5—Bolivina decurtata Cushman, variety. Section D, laminated, X60. 


6—Bolivina costata d’Orbigny var. interjuncta Cushman. Section B, massive, X60. 
7—Bolivina costata d’Orbigny var. interjuncta Cushman. Section B, laminated, X60. 
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population in the finest grained, most highly 
organic, massive sediments. It is significant 
to note that in Section D where this occurs, 
average grain size is the same for the mas- 
sive and laminated sections, while the 
organic carbon content is nearly two and 
one-half times greater and the abundance of 
Hopkinsina magnifica is 36 times greater in 
the laminated than in the massive. 

In the laminated sediments, although 
smooth uvigerine forms predominate in the 
finest grained and most highly organic sedi- 
ments, oranamented forms make up an 
appreciable percentage of the uvigerine 
fauna. They range from 25 percent in Sec- 
tion D to 100 percent in Section A. How- 
ever, in every case where the same species is 
present in both the laminated and massive 
portions of a sample, the average strength 
of ornamentation in the massive is consider- 
ably greater than in the laminated. 

Bolivine.—The bolivine forms with a sub- 
rounded cross-section are a minority in all 
samples. In the massive sections they range 
from less than one percent of the bolivine 
fauna in Section A to 31 percent in D. In 
the laminated they range from three and 
seven-tenths percent in Section C to 42 
percent in A. In the D* laminated they 
comprise only five and one-half percent. 

Species with elliptical or flattened cross- 
sections all have sharp edges in the massive 
sediments; all but one have rounded edges 
in the laminated. This exception, Bolivina 
pseudobeyricht Cushman, is extremely thin 
walled. It makes up only four percent of the 
bolivine fauna in the Section B laminated 
sediment. 

Cassiduline.—T he cassiduline group dem- 
onstrates the same relative relationship for 
rounded and sharp-edged forms as does the 
bolivine. While round-edged forms range 
from zero to about 15 percent in the mas- 
sive, sharp-edged forms do not exceed one 
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and one-half percent of the cassiduline fauna 
in any of the laminated sediments. 

These three groups together make up the 
preponderance of the populations in all the 
samples. The percentages are as follows: 


Massive Laminated 
Section A. 47% 52% 
Section B. 75% 69% 
Section C. 93% 66% 
Section D. 76% 91% 


The relationships of form as noted for the 
uvigerine, bolivine, and cassiduline groups 
hold true for all of the other forms. The ac- 
companying plates illustrate these relation- 
ships. 

Foraminiferal Abundance.—Foraminifers 
were consistently less abundant in the mas- 
sive than in adjoining laminated sediments 
(Table 2). However, the range of abundance 
for the one type of sediment considerably 
overlapped that of the other. 

Analysis showed a direct relationship be- 
tween abundance and grain size. Abundance 
rapidly increased with a decrease in aver- 
age grain size from .04 mm. to .03 mm. It 
increased progressively more slowly as grain 
size decreased from .03 mm. to .01 mm. 

Abundance increased at relatively the 
same rate with the increase in clay and 
organic carbon content in the sediments. 

Thus, grain size and clay and organic 
carbon content, rather than type of bedding, 
appear to be the predominating factors 
which govern foraminiferal abundance 
(Text-figs. 7,8). 

The relationship of abundance to grain 
size noted here agrees strikingly with the 
findings of Heinz Freydanck. In a study of 
the Eider Estuary of the west coast of 
Schleswig-Holstein, Freydanck found that, 
with increasing grain size, total population 
and the number of foraminiferal species de- 
creased. 











EXPLANATION OF PLATE 88 


Fic. 1—Bolivina woodringi Kleinpell. Section A, massive, X60. 
2—Bolivina woodringi Kleinpell (microspheric). Section D, massive, 60. 
3—Bolivina woodringi Kleinpell. Section A, laminated, X60. 
4—Cassidulina cushmani R. E. & K. C. Stewart. Section B, massive, X60. 
5—Cassidulina cushmani R. E. & K. C. Stewart. Section B, laminated, X60. 
6—Virgulina californiensis Cushman. Section D, massive, X60 
7—Virgulina californiensis Cushman var. grandis Cushman & Kleinpell. Section D, laminated, 


x60. 
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TABLE 2—LIsT OF PRINCIPAL FORAMINIFERS OCCURRING IN SEcTIONS A, B, C & D 
Abundances Computed to a 400 cc. Sample 








ABUNDANCE 





SPECIES 


Section A Section B Section C 





Lam. 


Mass. | Lam. | Mass. | Lam. | Mass. 





Uvigerina peregrina Cushman var. 
Uvigerina cf. striata d’Orbigny of Coryell & Mossman 
Uvigerina canariensis d’Orbigny of authors 
Uvigerina (Hopkinsina) magnifica Bramlette 
Uvigerina sp. (costate) 
Uvigerina cf. attenuata 
Bolivina argentea Cushman 
Bolivina argentea Cushman var. 
Bolivina costata d’Orbigny var. interjuncta Cushman 
Bolivina s vena Cushman, and var. 
. Bolivina foraminatia R. E. & K. C. Stewart 
. Bolivina subadvena var. spissa Cushman 
. Bolivina decurtata Cushman, and var. 
. Bolivina pron sae of, Kleinpell, and var. 
. Bolivina semin Cushman 
. Bolivina sinuata var. alisoensis Cushman & Adams 
. Bolivina bramletti Kleinpell 
. Cassidulina translucens Cushman & Hughes 
. Cassidulina cushmani R. E. & K. C. Stewart 
. Cassidulina corbyi Cushman & Hughes 
. Cassidulina modeloensis Rankin M.S. 
. Cassidulina monicana Cushman & Kleinpell, and var. 
. Cassidulinella pliocenica Natland 
. Cassidulinella renulinaformis Natland 
. Cibicides sp. 
oidina rotundimargo R. E. & K. C. Stewart 

3 oidina multicameratus (Kleinpell) 
. Pulvinulinella bradyana Cushman 
. Pulvinulinella smithi R. E. & K. C. Stewart 
. Pulvinulinella sp. 
. Planulina ornata (d’Orbigny) 
. Valoulineria (Baggina) subimaequalis Kleinpell 

Baggina californica Cushman 

Cancris sp. 
. Bulimina sp 
i Buliminella. subfusi formis Cushman 
. Globobulimina (Bulimina) var.? pacifica Cushman 
. Virgulina californiensis Cushman 
q oS —— * peeeneel Cushman var. grandis Cushman 

leinpell 
q Hedooe sp. 
. Nodosaria sp 
q Amer se sp. cf. dubia Kleinpell 
icularia advena Cushman 

4 All other benthonic foraminifers (47 species) 
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A comparison of abundance with the 
calcium carbonate content of each sample 
provided a means of checking the accuracy 
of the foraminiferal counts. 

Counts on all but the Section C laminated 
samples agreed within approximately ten 
percent. The discrepancy for the C lami- 
nated samples, however, exceeded 25 per- 
cent. This indicated that a correct count 
should have been closer to 5,900 than to the 
actual count of 4,650. A comparison of the 
bitumen-free carbon content with this and 
the other sections also indicated this to be a 
more reasonable figure. 

Reexamination of the unprocessed mate- 
rial revealed that an appreciable proportion 
of the foraminifers in the laminated portion 
had been crushed flat by compaction of the 
sediment. Such crushed specimens were not 


recovered. The abundance count for the C 
laminated section therefore does not rep- 
resent a true count of the population. 

Arenaceous Foramintfers.—Preservation 
of arenaceous foraminifers in the sections 
studied was too variable to make use of them 
on a statistical basis. For this reason none is 
listed in this report. Their form relationship 
to the sediment, however, is equivalent to 
that of the calcareous foraminifers. Arena- 
ceous foraminifers occurred in both the mas- 
sive and laminated sediments of the A, B 
and C sections. In the Section D sediments, 
however, none could be found, even though 
the average grain size of the clastic material 
was no smaller than the grain size of the 
arenaceous tests in the laminated sediments 
of the other sections. 

Mode of Deposition.—The data which are 
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TEXT-FIG. 7 


related to the mode of deposition of the two 
types of sediment are summarized on the 


chart. It has not been possible to rationalize 
these data with our ideas concerning known 
modes of deposition. 

Grain orientation within the massive 
sediments is absent or weak. This would 
suggest accumulation by suspension set- 
tling and the lack of any bottom current. 
Grain orientation within the laminated sedi- 
ments is uniformly strong. This would 
appear to require the presence of a bottom 
current to orient the grains also. 

Grain size is uniformly larger in the mas- 
sive than in the adjoining laminated sedi- 
ments. This would indicate that two differ- 
ent transportation mechanisms were opera- 
ting at the depositional site. 

Density and porosity measurements made 
on the Section D sediments showed that the 
massive was distinctly more dense and less 
porous than the laminated. The massive 
sediments also contained a higher percentage 
of crushed foraminiferal tests. This factor 
implies that more compactive force was 
present during or after deposition of the 
massive than of the laminated material. 

As mentioned above, grain size varies be- 
tween the massive and laminated portions 
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of each sample. However, these slight varia- 
tions within sections lie well within the range 
of variation for both the massive and lami- 
nated sediments. Thus, whatever the factors 
are that control the deposition of the two 
types of sediment, they operate within a 
fairly broad energy range. 

Rock Constituents—Only two rock con- 
stituents appear to be directly related to 
the other factors considered in this problem. 
These are the clay content and the bitumen- 
free organic carbon content. Their relation 
to the foraminiferal shell characteristics has 
already been discussed. 

The significance of these two rock con- 
stituents lies in their influence upon the 
density of the sediments studied. An increase 
in either clay or organic content causes a 
decrease in the density of an unconsolidated 
sediment. A sediment containing 100 per- 
cent clay would have approximately an 80 
percent porosity and a correspondingly low 
density. The addition of organic matter to 
an all clay sediment would still further de- 
crease density. Thus, the material in the two 
types of sediment in Section D could be 
expected to have had at the time of deposi- 
tion a density approximating that of sea 
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water. However, density measurements and 
the broken foraminifers indicate some den- 
sity increasing mechanism operated during 
the deposition of the massive sediments. 


SUMMARY AND CONCLUSION 


Examination of a representative group of 
interbedded massive and laminated samples 
revealed that thin-walled unornamented 
foraminifers were relatively more numerous 
in the laminated and in the fine-grained 
massive sediments. Thicker walled, orna- 
mented foraminifers were found to be rela- 
tively more numerous in the massive and in 
the coarse-grained laminated sediments. 

The guide species used were very thin 
walled unornamented forms. They were re- 
stricted to the finer grained sediments, more 
particularly to the laminated sediments. 
Factors not recognized in this study appear 
to further restrict their occurrence within 
these sediments. All other thin-walled un- 
ornamented species were similarly restricted. 

In general, massive sediments contained 
more strongly ornamented foraminifers 
than did laminated sediments. However, 


strength of ornamentation appeared to vary 
in relation to grain size of both the massive 
and laminated sediments. Thus, some of the 


coarse-grained laminated sediments con- 
tained relatively more strongly ornamented 
forms than did some of the much finer 
grained massive sediments. However, 
strongly ornamented heavy-walled forms 
were found to be restricted to only the 
coarse-grained massive sediments. 

Detailed study of four sections showed a 
correlation of shell form with the type of 
bedding, grainsize, and clay and organic 
carbon content of the sediments. Shell form 
thus appears to be a direct response to the 
sedimentary environment. Type of bedding, 
grain size and clay and organic carbon con- 
tent provide the means by which the original 
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condition of the sediment upon which the 
various forms lived may be determined. 

It is recognized that the number of sam- 
ples used in this study was far too few for 
statistical accuracy. However, the con- 
sistent trend of the data provides strong 
evidence for the following conclusions. 

Function of Shell Form.—Foraminiferal 
tests have certain functional characteristics 
which can be related to their life environ- 
ment. These are shell thickness, cross-sec- 
tion or outline, and ornamentation. In 
combination they perform three main func- 
tions; vis., that of producing relatively 
buoyant tests, that of producing relatively 
heavy tests, and that of strengthening tests. 

Thus, a buoyant test is produced by a thin 
shell wall. Test buoyancy can also be pro- 
duced or increased by an increase in round- 
ness or sphericity of outline. This character- 
istic also performs the function of strength- 
ening as well as of lightening the test. 
Buoyancy may also be increased by the 
elimination of ornamentation; or, as in the 
case of Bolivina pseudobeyrichi mentioned 
above, and Laticarinina pauperata, by the 
use of ornamentation to form a thin sup- 
porting platform for the main portion of the 
test. 

A heavy test is produced by a thick shell 
wall. Weight can also be produced or in- 
creased by the addition of or increase in 
ornamentation. This characteristic also 
performs the function of strengthening the 
test. 

Buoyancy will be a primary requisite for 
the survival of a foraminifer in a low den- 
sity, low velocity environment. Weight and 
strength of test will be a primary requisite 
for survival of a foraminifer in a high den- 
sity, high velocity environment. Inter- 
mediate environments will have intermedi- 
ate requirements. Thus, with a range of 
these environmental components between 








EXPLANATION OF PLATE 89 


Fic. 1—Cassidulina transluscens Cushman and Hughes. Section C, massive, X60. 
2—Cassidulinella renulinaformis Natland. Section D, laminated, X60. 
3— Uvigerina peregrina Cushman, variety. Section B, massive, X60. 
4— Uvigerina (Hopkinsina) magnifica Bramlette. Section D, laminated, X60. 
5—Bolivina argentea Cushman, variety. Section B, massive, X60. 
6—Bolivina argentea Cushman, variety. Section B, laminated, X60. 
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extremes, a corresponding form will be re- 
quired. 

Since shell form then is the response of a 
living organism to its environment, it is a 
direct reflection of that environment. Thus, 
a comparison of shell form to the enclosing 
sediments will usually reveal whether an 
individual or a fauna has been transported 
from a life to a death assemblage. 

It has been found in this study that the 
majority of individuals in each section 
examined indicated a life environment 
which is consistent with the type of sedi- 
ment in which they were enclosed. For ex- 
ample, the four sections which were studied 
in detail show that the range was from 
extremely buoyant forms in low density 
sediments to quite heavy, strong forms in 
high density sediments. 

However, in some sections forms were 
found which obviously did not match either 
the character of the other forms or the char- 
acter of the sediment. These forms were 
from depth environments which were equiv- 
alent to that of the rest of the faunas. 
Usually they constitued a small percent of 
the total population. Occasionally, along 
with these misfit forms, shallow water forms 
were also found. 

The shallow water forms are known to 
have been transported. They have occurred 
only in conjunction with the other misfit 
forms. Therefore, it is only logical to assume 
that the misfit forms have been transported 
from a biocoenosis to a thanatocoenosis 
and that the majority of the fauna has been 
entombed in a biocoenosis. 

This study has disclosed that there is a 
wide range of environmental adaptabilities 
among foraminiferal species. Some species, 
such as Ellipsoglandulina laevigata and the 
two species of Cassidulinella used as guides, 
because of their limited range of adapta- 
bility are normally found only in sediments 
of extreme low density. Other species such 
as Uvigerina canareinsis and Bolivina de- 
curtata and varieties, because of their wide 
range of adaptability are found in sediments 
ranging from high to fairly low densities. 

Significance of Bedding.—The mechanisms 
which gave rise to the formation of massive 
and laminated types of sediments appear to 
have caused only small variations in en- 
vironments which represent widely varying 
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conditions. Thus, by these mechanisms 
laminated sediments were pushed slightly in 
the direction of lower density and massive 
sediments slightly in the direction of higher 
density. Shell form appears to have reacted 
to this type of variation primarily by a 
change of ornamentation. 

Redistribution.—Redistributed foraminif- 
eral tests have usually been recognized as 
such, when found with assemblages indicat- 
ing age or depth environments different 
than those in which they normally occur. 

For the past two and one-half years the 
author has, in addition, been able to recognize 
redistributed foraminiferal tests on the basis 
of their occurrence in sedimentary environ- 
ments other than those in which they would 
normally occur. 

Unfortunately, material containing differ- 
ent sedimentary environments is frequently 
mixed in sample preparation. This results in 
a bimodal or multimodal occurrence of shell 
forms in the prepared samples. In such 
samples, therefore, redistributed tests can- 
not usually be recognized by their sediment- 
form relationships. 

However, samples prepared from the 
thick massive Pliocene sediments of the Los 
Angeles and Ventura basins are rarely sub- 
ject to such mixing. In these sediments a 
single environment usually lasts through 
many feet of section. It is not unusual for 
several adjoining samples to contain the 
same sedimentary environment. In these 
samples redistributed foraminifers have 
been frequently recognized by the author 
from their sediment-form relationship. 

Many questions as to sediment-shell form 
relationships have yet to be answered. 
However, this study has provided an addi- 
tional tool for the interpretation of foram- 
iniferal environments. 

With the correlation of such factors as 
depth, temperature, and now foraminiferal 
shell form in relation to sediments, we should 
be able to interpret more accurately the de- 
positional history of the geologic column. 
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TWO NEW SPECIES OF BACULITES FROM THE 
WESTERN INTERIOR REGION 


W. A. COBBAN 
U. S. Geological Survey, Denver, Colorado 


AsstTRACT—Baculites scotti, new species, marks a zone in the Upper Cretaceous 
Pierre and Bearpaw formations between the zones of B. gregoryensis and B. com- 
pressus. B. eliasi, new species, marks a zone between the zones of B. compressus and 
B. grandis. Both new species are common in Montana, Wyoming, Colorado, and 


South Dakota. 


7 = Pierre shale of Late Cretaceous age 
contains two undescribed species of 
Baculites that are abundant at many local- 
ities in Montana, Wyoming, Colorado, and 
South Dakota and for which names are 
needed. The new species, Baculites scotti and 
B. eliasi, add refinement to the sequence of 
baculite zones originally defined by Cobban 
in 1951 (p. 817) and further refined by Cob- 
ban & Reeside in 1952 (p. 1020—1022). In the 
sequence of baculites established in 1951 
B. scotti lies between the zones of B. gre- 
goryensis and B. compressus, and B. eliasi 
lies between the zones of B. compressus and 
B. grandis. Cobban & Reeside (1952, p. 
1021, 1022) noted that the zone of B. com- 
pressus could be divided into five subzones. 
The uppermost of these, the one ‘‘marked 
by an unnamed form with stout cross section 
and smooth venter,”’ is the zone of the new 
species B. eliasi. 

In terms of the standard stages of the 
Cretaceous, Baculites scotti and B. eliasi lie 
somewhere in the upper Campanian or in the 
lower Maestrichtian. Both species are 
younger than rocks that contain Scaphites 
spiniger Schliiter, a well known index fossil 
for the upper Campanian of northern 
Europe. However, both of the baculites are 
older than rocks that contain a species 
close to if not identical to Hoploscaphites 
constrictus (Sowerby), a form commonly 
accepted as guide fossil to the Maestrichtian 
stage in Europe. 

Types of the new species are deposited in 
the United States National Museum, Wash- 
ington. 

Publication is authorized by the Director, 
U. S. Geological Survey. 


Class CEPHALOPODA 

Order AMMONOIDEA 
Family BACULITIDAE Meek, 1876 
BACULITES scoTTI Cobban n. sp. 
Pl. 90, figs. 1-9; Text-figs. la—e,h 


Diagnosis.—This species, about average 
size for the genus, is characterized by its 
small degree of taper and by its suture with 
the first lateral lobe constricted just above 
the major lateral branches. Most specimens 
have smooth flanks and nearly smooth ven- 
ters; a few individuals have broad nodelike 
ribs on the flanks spaced about one shell 
diameter apart. Many specimens have a 
ventrolateral depression that parallels the 
venter. 

Name.—The_ species is named for 
Glenn R. Scott of the U. S. Geological Sur- 
vey whose investigations of the Pierre shale 
have added much to our knowledge of the 
stratigraphy and faunal zonation. 

Material.—The collection from which the 
types were selected consists of 230 baculites 
from the “‘tepee zone” of Gilbert (1897, p. 3) 
in the Pierre shale at Baculite Mesa five 
miles northeast of Pueblo at U.S.G.S. 
Mesozoic locality D84 in the NW} sec. 10, 
T. 20 S., R. 64 W., Pueblo County, Colo- 
rado. Two other large collections of baculites 
were studied also. One lot consists of 154 
specimens from a slightly lower level in the 
Pierre shale at U.S.G.S. Mesozoic locality 
D715 about 4.5 miles northeast of Pueblo in 
the SE# sec. 15, T. 20S., R. 64 W. The other 
lot consists of 131 baculites from the Pierre 
shale at U.S.G.S. Mesozoic locality D901 on 
the west bank of Beaver Creek about 5 
miles southeast of Buffalo Gap near the cen- 
ter of sec. 22, T. 7 S., R. 7 E., Fall River 
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TEXT-FIG. I 


a-e,h—Baculites scotti, n. sp. a, cross section of holotype, USNM 108929, at diameter of 38.0 mm. }, 
section of paratype, USNM 108930c, at diameter of 21 mm. (PI. 90, figs. 3,4); ¢, section of para- 
type, USNM 108931c, at diameter of 15 mm. (PI. 90, figs. 5,6); d, section of paratype, USNM 
108931b, at diameter of 12 mm. (PI. 90, fig. 8); e, section of paratype, USNM 108973a, at diame- 
ter of 10.4 mm. (PI. 90, fig. 7); 4, suture, X2, of paratype, USNM 108933, at diameter 26.7 mm. 

f,g,i,j—Baculites eliasi, n. sp. f, section of poratype. USNM 108973a, at diameter of 8.5 mm. (PI. 91, 
figs. 7,8); g, sections of paratype, USNM 108973b, at diameters of 8 and 14 mm. (PI. 91, figs. 1-3); 
i, suture X14 at diameter of 38 mm. of holotype, USNM 108969; j, suture 2 at diameter of 
33.5 mm. of paratype, USNM 108971b, from the Bearpaw shale of northeastern Montana. 
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County, South Dakota. Smaller collections 
were examined from many localities in 
Montana, Wyoming, Colorado, and South 
Dakota. 

Description.—Baculites scotti consists of a 
variation series that ranges from a smooth 
flanked form to a stouter form with broad 
ribs or arcuate swellings on the flanks. The 
dominant form has the smooth flanks; 199 
of the 230 specimens from Baculite Mesa 
are of this type. 

The typical form of the species has a very 
small degree of taper. The angle gradually 
decreases as the shell enlarges. This is sum- 
marized in the following table which shows 
the results of measurements on the 166 
specimens from Baculite Mesa that were 
suitable for taper angle determinations. 


TABLE 1—DEGREES OF TAPER OF TYPICAL 
ForM OF Baculites scotti 








Averageangle Number 
of taper of 


Diameter (mm.) 
(degrees) specimens 





5.8 4 


6 
13 
33 
72 
29 

9 





On the typical form of the species the 
flanks are smooth except for a very shallow 
ventrolateral depression on some specimens 
(pl. 90, fig. 4; text-figs. 1a,1b). In the collec- 
tion from Baculite Mesa about 50 specimens 
out of the 230 available for study have this 
ventrolateral depression. A much greater 
percentage of individuals possessing a 
ventrolateral depression was noted for the 
specimens from the nearby locality of D715. 
There 103 out of the 154 specimens of 
B. scotti have ventrolateral depressions. 
Possibly the lower position in the Pierre 
shale accounts for this increase in number. 
Forty-eight of the 131 specimens from the 
Buffalo Gap locality (D901) have ventro- 
lateral depressions. 

The venter of the typical form of the 
species is broad and nearly smooth. Ventral 
ribs are very weak and irregular in height 
and spacing. They ordinarily number about 


nine or ten in a distance equivalent to the 
diameter of the shell. 

The variant that possesses flank ribs or 
swellings is commonly stouter than the typ- 
ical form of the species and tapers a little 
more. Degrees of taper, which could be 
determined on 26 of the 31 specimens from 
Baculite Mesa (D84), are summarized in 
the following table. 


TABLE 2—DEGREES OF TAPER OF VARIANT 
WITH FLANK RIBS 


Average angle © Number 
of taper of 
(degrees) specimens 


Diameter (mm.) 


| 


12-14. 
15-19. 
20-24. 
25-29. 
30-34 
35-39 
40-44. 
45-47. 
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Flank sculpture of this variant ranges 
from broad ribs to arcuate swellings which 
occupy much of the flank and are spaced 
about one for the shell diameter. The sculp- 
ture varies from moderately strong to 
scarcely discernible. Lateral swellings were 
noted on specimens as small as 7 mm. in 
diameter. The venter is weakly and ir- 
regularly ribbed on most specimens, but a 
few individuals have evenly spaced ribs with 
counts as low as two to four for the shell 
diameter. 

The sculptured variant is not common. 
Only eight of the 154 specimens of B. scotti 
from locality D715 near Pueblo have flank 
ornament, and only sixteen of the 131 speci- 
mens from the Buffalo Gap locality (D901) 
have it. 

Both the typical form and the sculptured 
variant of Baculites scotti attain maximum 
diameters of about 60 mm. The largest speci- 
men examined of the sculptured variant 
shows a weakening of the flank undulations 
at a diameter of 55 mm. and complete loss 
of these by a diameter of 60 mm. 

The suture pattern is like that of Baculites 
gregoryensis Cobban (1951, p. 820,821; 
text-figs. 10,12). The first lateral lobe is 
constricted just above the major lateral 
branches. The sutures on some specimens 





— © ff &® ep me we et oe OO Oe 


TWO NEW SPECIES OF BACULITES 


of B. scotti are slightly more complex than 
any observed on B. gregoryensts. 

The holotype is an internal mold 183 mm. 
long with end diameters of 34 and 37 mm. 
It is chiefly body chamber that has a one- 
degree angle of taper. The flanks are smooth, 
but the venter is crossed by very weak ribs 
irregularly spaced, about nine or ten for the 
shell diameter. 

Remarks.—The typical form of Baculites 
scotti most closely resembles B. gregoryensis 
Cobban (1951, p. 820,821, pl. 118, figs. 1-5; 
text-figs. 8-13). Baculites scotti differs from 
B. gregoryensis by its lesser degree of taper, 
more weakly ribbed venter, and presence 
of a ventrolateral depression. The large 
collections of B. gregoryensis now at hand 
show that this species too is a variation series 
ranging from the typical form with smooth 
flanks and moderately compressed-ovate 
cross section to a stout form with weak 
flank undulations. The sculptured variant of 
B. scottt resembles B. minerensis Landes 
(1940, p. 166, pl. 6, figs. 7,8) from the 
Pakowki shale of Alberta by its low degree 
of taper, stout section, and broad flank un- 
dulations. The suture of B. minerensis, how- 
ever, is simpler and the first lateral lobe 
lacks the constriction that characterizes the 
suture pattern of B. scotti and B. gregoryen- 
sis. Baculites crickmayi Williams (1930, p. 3, 
pl. 1, fig. 1; pl. 2, figs. 1-3) from the Bearpaw 
shale of Alberta also has arcuate flank swell- 
ings, but its suture pattern is entirely differ- 
ent. 

Occurrence.—Baculites scotti is perhaps 
the most abundant baculite in Colorado. It 
is especially numerous in the Pueblo area 
where the species ranges through about 200 
feet of the Pierre shale. The species is found 
in the upper part of the Hygiene sandstone 
member of the Pierre shale east of the Front 
Range in Colorado. Along the west and 
north flanks of the Black Hills in eastern 
Wyoming and_ southeastern Montana 
B. scottt occurs in the unnamed gray silty 
member that overlies the Mitten black shale 
member of the Pierre shale. The species is 
abundant in gray shale not far above the 
Sharon Springs member of the Pierre shale 
along the Cheyenne River southeast of the 
Black Hills in South Dakota. 

Types.—Holotype, USNM 108929; para- 
types, USNM 108930c, 108931a—-d, 108933. 
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BACULITES ELIASI Cobban n. sp. 
Pl. 91, figs. 1-11; Text-figs. 1f,1g,1i,1j 


Baculites pseudovatus Elias var. A. Elias, 1933, p. 
306, pl. 28, fig. 2; pl. 33, figs. 5a,5b. 


Diagnosis.—This species, about average 
size for the genus, is marked by its small 
degree of taper, elliptical cross section, 
smooth flanks, smooth or faintly ribbed 
venter, and suture pattern with the terminal 
branches of the first lateral lobe constricted 
at their base. 

Name.—The species is named for Maxim 
K. Elias who figured a specimen in connec- 
tion with his detailed study of the stratig- 
raphy and paleontology of the Pierre shale 
of Wallace County, Kansas. 

Material—More than 200 specimens, 
ranging in diameter from 1 to 57 mm., are at 
hand from the general area of the type local- 
ity of the species in northeastern Montana 
where B. eliasi occurs in calcareous concre- 
tions 110-175 feet below the top of the Bear- 
paw shale. About 400 specimens were 
studied from a bentonitic member in the 
upper part of the Pierre shale from several 
localities along the west flank of the Black 
Hills uplift in eastern Wyoming. The 
largest single collection from this bentonitic 
member consists of 175 specimens from 
U.S.G.S. Mesozoic locality D448 in the 
NW3 sec. 4, T. 41 N., R. 61 W., Weston 
County, Wyoming. More than 200 speci- 
mens were examined from the Pierre shale 
at U.S.G.S. Mesozoic locality D476 near 
Golden in the SE}SE} sec. 20, T. 2 S., R. 70 
W., Jefferson County, Colorado. In addition 
numerous smaller collections were studied 
from many localities in Montana, Wyoming, 
Colorado. South Dakota, and Kansas. 

Description—The cross section is very 
stout at diameters of less than 5 mm. At a 
diameter of 5 or 6 mm. the section commonly 
narrows a little to a moderately stout ellipse 
or subellipse; it does not change at larger 
diameters. The shell is slightly curved at 
diameters of less than 15 mm. and straight 
at larger diameters. The angle of taper 
shows a steady decline from 10 degrees at a 
diameter of 5 mm. to about 3 degrees at 
a diameter of 30 mm. The angle remains 
about 3 degrees for the larger specimens. 
The shell is ordinarily smooth, and only rare 
individuals have very faint ventral ribs. 
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These ribs, which can be detected only by 
oblique lighting, number twelve to fifteen for 
the shell diameter. The suture resembles 
that of Baculites compressus Say (Meek, 
1876, pl. 20, fig. 3c) by the constriction at 
the base of the terminal branches of the first 
lateral lobe. Most sutures are not as digitate 
as those of B. compressus. 

A minimum of variation is shown by 
B. eliast. A few individuals may have a 
faint ventrolateral or dorsolateral depres- 
sion. The sutures are remarkably uniform 
in their overall appearance. 

The largest specimen examined, part of a 
body chamber, has a diameter of 57 mm. 
The septate portion of the shells rarely at- 
tains a diameter of 50 mm. The body cham- 
ber is very long. A specimen from Elias’ 
Salt Grass member of the Pierre shale of 
Wallace County, Kansas, has an incomplete 
body chamber 226 mm. long with end dia- 
meters of 33 and 42.5 mm. 

The holotype, a fragment of an adult, 
consists of several air chambers and part of 
the body chamber. The length of the holo- 
type is 102 mm. and the diameters of the 
ends are 39 and 43.5 mm. The angle of taper 
is 3 degrees, and the cross section of the shell 
is a stout ellipse. The shell is entirely 
smooth. 

Remarks.—Baculites eliast resembles B. 
compressus Say in its suture pattern but 
readily differs in other aspects. Baculites 
compressus has a compressed ovate cross 
section, and the large adult shells have 
flank ribs. Baculites pseudovatus Elias (1933, 
p. 304, pl. 29, figs. 1a,1b,2; pl. 33, figs. 
4a,4b) differs from B. eliasi by its greater 
taper, narrower cross section, and suture 
with greatly expanded lobes and saddles. 


Occurrence-—The holotype came from a 
calcareous concretion 174 feet below the 
top of the Bearpaw shale at U.S.G.S, 
Mesozoic locality 23359 near Fort Peck in 
sec. 4, T. 26 N., R. 42 E., McCone County, 
Montana. The species is common in the 


upper part of the Bearpaw shale in central ' 


and northeastern Montana and in the upper 
part of the Pierre shale on the Cedar Creek 
anticline of eastern Montana. The species is 
abundant in a bentonitic member in the 
upper part of the Pierre shale along the 
west flank of the Black Hills uplift in eastern 
Wyoming. It is common east of the Front 
Range in northern Colorado in the shale 
immediately above the Richard sandstone 
member of the Pierre shale. In South Dakota 
B. eliast occurs sparingly in the Virgin 
Creek member of the Pierre shale. In western 
Kansas and species is found in Elias’ Salt 
Grass member of the Pierre shale (Elias, 
1931, p. 103,109-116; 1933, p. 306). 
Types.—Holotype, USNM 108969; para- 
types, USNM 108971b, 108972, 108973a,b. 
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EXPLANATION OF PLATE 90 
All figures X1. 


Fics. 1-9—Baculites scotti, n. sp., from the Pierre shale 5 miles northeast of Pueblo, Colorado. 1,2, 
Lateral and ventral views of holotype, USNM 108929; 3,4, ventral and lateral views of a 
paratype —— ventrolateral depression, USNM 108930c; 5,6, lateral and ventral views 

p 


of a strongly scu 


tured juvenile, USNM 108931c; 7, lateral view of the smallest paratype 


with flank node-like swellings, USNM 108931a; 8, lateral view of a paratype showing strong 
flank and ventral sculpture, USNM 108931b; and 9, lateral view of a septate specimen with 


strong flank ribs, USNM 108931d. 
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EXPLANATION OF PLATE 91 
All figures X1. 


Fics. 1-11—Baculites eliasi, n. sp. 1-3, Lateral, dorsal, and end views of a juvenile, USNM 108973b, 
from the Bearpaw shale 1.5 miles north of Oswego, Montana. 4-6, end and lateral views of a 
septate adult, USNM 108972, from the Bearpaw shale 1.7 miles north of Oswego, Montana. 
7,8, lateral and ventral views of a rapidly tapering juvenile, USNM 108973a, from the 
Bearpaw shale 1.5 miles north of Oswego, Montana; and 9-//, end, lateral, and ventral 
views of holotype, USNM 108969, from the Bearpaw shale near Fort Peck, Montana. 
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KEYS FOR THE CLASSIFICATION OF FOSSIL 
SPORES AND POLLEN 


We Bs 


NOREM 


California Research Corporation, La Habra, California 


ABsTRACT—Three keys are presented for the classification of fossil spores and 


pollen on morphological bases. 





HE need for a system of classifying plant 

microfossils has been recognized for al- 
most three quarters of a century. Reinsch 
(1884) separated spores found in coals into 
two tribes (Triletes and Disciae) on the 
basis of morphological characteristics. The 
tribes were divided into subtribes, and these 
in turn into subdivisions. Subsequent in- 
vestigators have proposed a variety of classi- 
fication systems. Some have been restricted 
to spores alone, and others have included 
pollen. 

None of the several systems for classifying 
these plant microfossils has come into gen- 
eral use. One reason may be that the need 
has not been recognized fully. Fossil spores 
and pollen may in the future be found rep- 
resenting almost every major group of the 
plant kingdom from the Cambrian to the 
present. Thus the potential number of dif- 
ferent types is very large, and the lack of a 
systematic method of grouping together 
similar types can be lead to chaos. However, 
if a more or less universally acceptable clas- 
sification system is developed, many of the 
problems associated with several other fos- 
sil groups can be avoided. 

Another obstacle to the general accept- 
ance of a classification system is the belief 
held by many palynologists that the classi- 
fication should be based on phylogenetic 
relationships. An ideal system would relate 
all microfossils to the parent plants. Analysts 
have related the pollen found in Quaternary 
peat bogs to living trees. Some authors have 
extended this practice to Tertiary micro- 
fossils. Spores have been found in the fructi- 
fications of Paleozoic plants recovered from 
coals, and have been identified legitimately 
with the macrofossils. 

Wodehouse (1933) pointed out that fossil 
pollen must be attached organically to a 


macrofossil if it is to be given the specific 
name of the latter. Mere proximity is not 
sufficient. This principle was reiterated by 
Just (1957). Nomenclature should not be 
confused with classification. The two, how- 
ever, are so closely related that the naming 
of a fossil may classify it automatically. The 
restriction that a microfossil and macro- 
fossil must be connected applies only to the 
use of the specific name. The author de- 
scribing the fossil pollen or spores is re- 
sponsible for the decision that the micro- 
fossils belong in certain fossil or living 
genera. Therefore, the correctness of the 
decision depends on the carefulness of his 
observations and his familiarity with spores 
and pollen in general. The Third Congress 
on Carboniferous Stratigraphy and Geology 
(Cross, 1951) recommended that ‘‘The name 
should include an indication that a spore is 
being dealt with and should not imply rela- 
tionship to other plants.” If this recom- 
mendation is followed for all fossil pollen and 
spores that are not found in situ, much 
confusion through inaccurate identification 
can be avoided. 

Finding the parents of most plant micro- 
fossils was a possibility as long as the main 
sources were peat bogs containing pollen 
closely related to modern forms and coal 
beds containing spores organically connected 
to macrofossils. Unidentified types could be 
placed in organ-genera until the parents 
were discovered. However, when dispersed 
spores and pollen began to be recovered in 
large numbers from siliceous rocks contain- 
ing relatively few macrofossils, the deter- 
mination of the parentage of most of the 
types became an impossibility. A morpho- 
logical classification system then became a 
necessity. 

Most of the systems proposed for classi- 
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fication are too limited in scope to encompass 
all the fossil spores of the plant kingdom. 
The systems of Erdtman (1947) and Ham- 
men (1954, 1956) are limited by a nomencla- 
ture set at the generic level. Potonie & 
Kremp (1954) introduced suprageneric cate- 
gories but limited their system to Paleozoic 
spores. 

Naumova (1937) and Pant (1954) in- 
cluded spores and pollen in their respective 
classification systems. Both authors have 
provided a sequence of higher order group- 
ings. Both systems also presuppose that 
spores can be distinguished from pollen. 
This separation is easy with the more ob- 
vious types. However, borderline cases are 
not segregated easily, and errors of judgment 
may separate closely related types into dif- 
ferent groups at a high level. 

A complete classification system can not 
be devised at the present time. Although 
thousands of varieties of fossil spores and 
pollen have been described from the Paleo- 
zoic and Tertiary, very few have been de- 
scribed from the Cretaceous and almost none 
from the Triassic or Jurassic. Within the 
Mesozoic, however, occurred much of the 
development of the angiosperms. There the 
transition from spores to pollen eventually 
may be traced. Many forms will be dis- 
covered that haven’t yet been anticipated. 

As an aid to the morphological classifica- 
tion of fossil spores and pollen, three keys 
have been devised. The master key separates 
the microfossils into major groups by the 
type and number of apertures or, in a few 
cases, by certain prominent appendages. 
The apertures are assumed to be genetically 
stable. They are usually easy to recognize in 
fossil spores and pollen and can be separated 
into a relatively small number of distinct 
types. 

The second key subdivides the major 
groups of the master key according to sur- 
face sculpturing. The types of sculpturing 
are less easily defined than the aperatures. 
However, they are important features in the 
recognition of fossil spores and pollen types. 

The third key separates the microfossils 
according to shape. In most cases this char- 
acteristic is the least diagnostic. The shapes 
of pollen and spore grains frequently are dis- 
torted during compaction of the sedi- 


mentary materials in which they are buried. 
Many grains must be examined before the 
limits of size and shape can be defined. Such 
limits may include two or more shape 
classes. 

During the compaction of the sediments, 
grains with one or two short axes tend to be 
compressed along the shorter axes. The 
orientation of the flattened grain is a helpful 
characteristic for recognizing some pollen 
and spore types. Therefore, ellipsoidal or 
spherical grains have been divided into two 
classes on the basis of their orientation. 

In order for a classification system to be 
usable, the various groups must have a name 
or a means of identification. The Interna- 
tional Code of Botanical Nomenclature 
(Lanjouw, 1956) provides for a series of 
categories in an ascending sequence from 
species to division. A certain ending is rec- 
ommended for the name in each category. 
The use of these official categories in an 
artificial classification system will be con- 
fusing. 

Descriptive names are suggested as a sub- 
stitute for the official designation of the 
various suprageneric groups of fossil spores 
and pollen. The names are constructed in 
the manner proposed by Erdtman (1947) 
(for example, striotriletes). Prefixes indi- 
cating the type of sculpturing are suggested 
in the second key. These names should be 
used for the categories above the equivalents 
of species and genus. The large number of 
types in these lower categories would soon 
exhaust the possible combinations of descrip- 
tive terms. Greek or Latin endings imitating 
official nomenclature should be avoided. 
Plural English endings may be used. 

The above recommendations on nomen- 
clature do not apply to the species and 
genera. These categories may be named in 
accordance with the International Rules of 
Botanical Nomenclature in order to be valid. 
However, the restrictions are emphasized 
that the names should not imply relation- 
ship to any plant unless the spores or pollen 
are connected to the macrofossil, and the 
names should indicate that they are applied 
to pollen or spores. 

The following keys were prepared in 
collaboration with Dr. Henry P. Hansen of 
Oregon State College, Corvallis, Oregon. 
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MASTER KEy TO Fossit SPORES AND POLLEN 


I. Spores or pollen grains with appendages 
A. Vesiculate (Saccate)—with winglike bladders ; 
Note: The term vesiculate (from the Latin vesica, a blister or bladder) is preferred 
over either alate (winged) or saccate (provided with sacs). 
B. Without Apertures (Text-fig. 1) BB. With Apertures (Text-fig. 2) 


CD) Ca) 


TEXT-FIG. 1—Vesiculate. TEXT-FIG. 2—Vesicotrilete. 


AA. Annulate—with protruding rim or ridge 
Note: Annulate (L. annulatus, furnished or ornamented with a ring) is preferred over 
zonate (L. zonatus, banded). The latter term is reserved for apertures that en- 
circle the grain parallel to the equator and separate the surface into zones, or to 
bands of sculpturing that also parallel the equator. 
Without Apertures (Text-fig. 3) BB. With Apertures (Text-fig. 4) 


ry, 


TEXT-FIG. 3—Annulate. TExtT-FIG. 4—Annulotrilete. 


AAA. Auriculate—with earlike appendages (Text-fig. 5) 


TEXxtT-FIG. 5—Auriculate. 


AAAA. Elaterate—with elaters 


II. Spores for pollen without appendages 


A. Without apertures ; 
B. Nonaperturate—without aperturoid areas or structures (Text-fig. 6) 


TEXT-FIG. 6—Nonaperturate. 
Plicate—with folds serving as apertures (Text-fig. 7) 


TEXT-FIG. 7—Plicate. 
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BBB. Tenuate—with thin areas serving as apertures (Text-fig. 8) 


referred 


TEXT-FIG. 8—Tenuate. 
AA. With apertures . 
B. Monoaperturate—with one aperture 


c Monoporate (Monoforate) with single, rounded aperture (Text-figs. 9a 
and 9b) 


d over 
lat en- 7 x 
, or to 


a. Equatorial view. b. Polar view. 


TEXT-FIG. 9—Monoporate. 


CX. Sulcate—with elongated, straight or branched distal-polar aperture 
Monosulcate (Text-figs. 10a and 10b). 


a. Equatorial view. b. Polar view. 
TEXT-FIG. 10—Monosulcate. 


DD. —Tri(chetomo)sulcate (Text-figs. 11a and 11b) 
Note: The syllables within the parentheses may be dropped. 


ANS 


a. Equatorial view. b. Polar view. 
TeExt-F1G. 11—Trisulcate. 


CLL. Laesurate—with elongated, straight or branched proximal-polar aper- 
ture 


D 
a. Equatorial view. b. Polar view. 


TExtT-FIG. 12—Monolete. 


Monolete (Text-figs. 12a and 12b) 
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DD. _ Trilete (Text-figs. 13a and 13b) 


a. Equatorial view. b. Polar view. 
TExtT-FIG. 13—Trilete. 


BB. Multi-aperturate—with two or more apertures 
Multiporate 
D. (Meso) porate—Equatorially placed pores (Text-figs. I4a and 
14b 


’ 


Note: The prefix “meso” may be dropped. The unmodified 
term ‘porate’ is thereby restricted to equatorially 
placed pores. 


a. Equatorial view. b. Polar view. 


TEXT-FIG. 14—Tri(meso) porate. 


E. Di- and tri(meso)col pate 
EE. Oligo(meso) porate (4-8 pores) 
Note: The two terms, oligo (Gr. oligos, few) and poly 
(Gr. polys, much, many) are preferred to the single 
term stephano (Gr. stephanos, crown). 
DD.  Periporate (Forate)—with pores uniformly distributed over the 
surface (Text-fig. 15) 


TExt-F1G. 15—Polyperiporate. 


E. Oligoperiporate (4-8 pores) 
EE. Polperiporate (>8 pores) 
Note: See under Oligo(meso) porate. 
DDD. Latiporate—with pores in one hemisphere only (Text-figs. 16a 
and 16b) 


a. Equatorial view. b. Polar view. 


TeExt-F1G. 16—Trilatiporate. 
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cx. Multicolpate—with two or more elongated non-polar apertures 
D. (Meso)colpate—with equatorially placed colpi (Text-figs. 17a 
and 17b) 
(Note: The prefix ‘‘meso’’ may be dropped. See Mesoporate.) 


a. Equatorial view. b. Polar view. 


E. Di- and tri(meso)colpate 
EE. Oligo(meso)colpate (4-8 coljpi) 


TExtT-FIG. 17—Tri(meso)colpate. 


DD. Pericolpate (rugate)—with colpi uniformly distributed over sur- 
face (Text-fig. 18) 


TExt-FIG. 18—Polypericolpate. 


E.  Oligopericolpate (4-8 colpi) 
EE. Polypericolpate (>8 colpi) 


DDD. Laticolpate—with colpi in one hemisphere only 
. E. Di- and Trilaticolpate 
EE. Oligolaticolpate 
CE. Multicolporate—with pores within the colpi (Text-figs. 19a and 19b) 
D. (Meso)colporate—with equatorially placed colpori (Note—Pre- 
fix ‘‘meso’’ may be dropped. See Mesoporate.) 


a. Equatorial view. b. Polar view. 
TEXT-FIG. 19—Trimesocolporate. 
E. Di- and Tri(meso)colporate 
EE. Oligo(meso)colporate (4-8 colpori) 


DD.  Pericolporate (rugorate)—with colpori uniformly distributed 
over surface. (Text-fig. 20) 


TEXt-F1G. 20—Polypericolporate. 
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E. Oligopericolporate (4-8 colpori) 
EE. Polypericolporate (>8 colpori) 
DDD. Laticolporate—with colpori in one hemisphere. 
CCCC. Multiheterocolpate—with colpi and pori on same grain. 
D. (Meso) heterocolpate—with equatorially placed colpi and _ pori 
(Text-figs. 21a and 21b). (Note—Prefix ‘‘meso’’ may be dropped. 


See Mesoporate.) 


SN 


Ne 


a. Equatorial view. b. Polar view. 
TEXT-F1G. 2/—Triporo-tricolpo-heterocolpate. 
DD. Periheterocolpate—with pori and colpi uniformly distributed 
over surface. 
CCCCC. Syncolpate—with furrows fused into spirals, rings, etc. (Text-figs. 22a 
and 22b) 


S 


a. Spiraperturate. b. Zonacolpate. 
TExt-F1G. 22—Syncolpate. 


III. Polyads—with two or more closely united cells (Text-fig. 23) 


TEXT-FIG. 23—Tetrado. 


KEY TO SURFACE SCULPTURING (Applied as subdivision of Master Key) 


F. Sculptural elements absent—Psilate (psilo-), with smooth surface. 
FF. Sculptural elements present 
a. Sculpture simple and homogeneous—composed of a single type of element 
Sculptural elements distinct or separate 
c. Sculptural elements more or less isodiametric tangentially 
Sculptural elements depressed 
1. Punctate (puncti-)—with surface covered with minute dots, depressions or 
perforations. 
dd. Sculptural elements raised 
1. Clavate (clavi-)—with small rods having swollen or club-like tops 
. Columnate (columni-)—with column-like spines having blunt or flat ends 
. Gemmate (gemmi-)—sculptural elements with restricted base and radial di- 
ameter greater than height 
. Granulate (grani-)—with granules. Basal diameter of a granule is usually 
equal to, or shorter than, any other tangential diameter of grain. 
. Lepidote (lepido-)—with scale-like projections 
. Lobate (lobo-)—with large, rounded or lobe-like projections 
. Papillate (papilli-)—with small nipple-like protuberances 
. Setose (seto-)—with bristle or hair-like project’ons 
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9. Spinate (spini-)—with spines 
10. Tuberose (tubero-)—with projections that are very densely packed and 
lower and more rounded than verrucose 
11. Verrucose (verruci-)—with wart-like projections 
cc. Sculptural elements more or less elongated tangentially 
d. Sculptural elements depressed 
1. Rivulate (rivo-)—with narrow grooves or furrows separated by ridges which 
are equa! to or narrower than the grooves 
2. Striate (strio-)—with long very narrow parallel grooves separated by wider 
parallel ridges 
3. Vallate (valli-)—with rather short broad furrows separated by ridges 
4. Vermiculate (vermi-)—worm-like sculpture inlaid on the grain wall 
dd. Sculptural elements raised 
1. Extervermiculate (extervermi-)—worm-like sculpture upraised on the grain 
wall 
2. Rugate (rugo-)—wrinkled 
bb. Sculptural elements continuous or connected 
c. Sculptural elements more or less isodiametric 
d. Sculptural elements depressed 
1. Areolate (areolo-)—with small areas separated by a network of small 
grooves forming a negative reticulum 
dd. Sculptural elements raised 
1. Lophate (lopho-)—with the outer surface thrown into ridges, anastamosing 
(joining together in a network) or free; lophate ridges are usually higher than 
those of a reticulum 
2. Reticulate (reti-)—with the surface thrown into a network of anastamosing 
ridges enclosing lacunae or luminae 
aa. Sculpture complex—two or more types of elements combined 
Compound sculpture 
b. Compound sculpture 
(for subclasses see: a. Sculpture simple) 
bb. Bilateral (heteropolar) sculpture 
(for subclasses see: a. Sculpture simple) 
. Zonate sculpture 


(for subclasses see: a. Sculpture simple) 


KEY TO SHAPE CLASSIFICATION (Applied as subclasses in master key after surface sculpturing) 


G. Shape more or less spheroidal or elliptical 
H. Orientation of polar axis indeterminate or vertical (polar view) 
1. Ellipsoidal (Text-fig. 24)—ratio of major to minor axis >1.25 


TEXxT-FIG. 24—Ellipsoidal. 


2. Globoid (Text-fig. 25)—ratio of major to minor axis about equal to 1. (<1.25) 


TExT-F1G. 25—Globoid. 
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HH. Polar axis oriented in transverse view (parallel to slide) ; 
1. Peroblate (Text-fig. 26)—ratio of polar axis to equatorial diameter <0.50 


TExtT-F1IG. 26—Peroblate. 


2. Oblate (Text-fig. 27)—ratio of polar axis to equatorial diameter between 0.50 and 
0.80 


TeExt-F1G. 27—Oblate. 


3. Spheroidal (Text-tig. 28)—ratio of polar axis to equatorial diameter between 0.80 and 
1.25 


TExt-F1G. 28—Spheroidal. 


4. Prolate (Text-fig. 29)—ratio of polar axis to equatorial diameter between 1.25 and 


2.0 


TEXT-FIG. 29—Prolate. 


5. Perprolate (Text-fig. 30)—ratio of polar axis to equatorial diameter >2.00 


TEXT-FIG. 30—Perprolate. 


GG. Shape more or less triangular 


H. Polar axis vertical _ 
1. Deltoid (Text-fig. 31)—equilateral triangle with more or less straight sides and sharp 


apices 


TEXT-FIG. 3/—Deltoid. 
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2. Subtriangular (Text-fig. 32)—equilateral triangle with more or less straight or con- 
vex sides and rounded apices 








50 and 
TEXxtT-FIG. 32—Subtriangular. 
3. Triquete (Text-fig. 33)—equilateral triangle with concave sides and rounded apices 
80 and 
TEXT-FIG. 33—Triquete. 
4. Trilobate (Yext-fig. 34)—clover-leaf shaped with more or less sharp angles between 
lobes 
'S and 
TeExt-F1G. 34—Trilobate. 
GGG. Shapes more or less equilateral with four or more sides 
H. Polar axis vertical _ 
1. Tetragonal (Text-fig. 35), Pentagonal or Polygonal 
TExtT-F1G. 35—Tetragonal. 
GGGG. Grains with bilateral symmetry : ; 
1. Reniform (phaseolate) (Text-tig. 36)—kidney or bean shaped 
sharp 


TEXT-FIG. 36—Reniform. 


2. Saccate (Text-fig. 37)—with wings or bladders 


TEXT-FIG. 37—Saccate. 
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3. Lenticular (Text-fig. 38)—lens shaped 


<> 


TEXT-FIG. 38—Lenticular. 


4. Crescent (Text-fig. 39)—crescent shaped 


ee 


TEXT-FIG. 39—Crescent. 


5. Spatulate (Text-fig. 40)—spoon or spatula shaped 


<O 


TExtT-F1G. 40—Spatulate. 


6. Drop—shaped like a falling drop 
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ABSTRACT—This paper discusses the stratigraphic distribution of some Upper 

Pennsylvanian fusulinids from the outcropping rocks of the Thrifty formation in 

Coleman, Brown, Eastland, and Stephens Counties, Texas. The area, about 100 

miles from north to south, lies between the Brazos and Colorado Rivers about 90 i 
miles west of Fort Worth. 

The Thrifty formation ranges in thickness from about 60 feet in the southern part ' 
of the area to about 100 feet in the northern part of the area. It consists mostly of 
shale, with lesser amounts of sandstone and Eestane. The Thrifty formation in- J 
cludes three principal limestone units: the Speck Mountain limestone member at 
the base, the Breckenridge limestone member in the middle, and the Chaffin lime- 
stone member at the top. All three limestone members contain a characteristic 
fusulinid fauna which persists along the strike throughout the area. 

The Speck Mountain member contains a fusulinid fauna characterized by Tri- 
ticites plummeri, Schubertella sp., and Dunbarinella sp. The fusulinid fauna of the 
Breckenridge is dominated by Triticites plummeri, and contains associated speci- 
mens of Triticites cf. T. moorei. The Chaffin contains large specimens of Tritscites 
plummeri, Triticites cf. T. beedei, and rare specimens of Dunbarinella. 

Evolutionary trends in Triticites plummeri consist of an increase in size of the 
proloculus, increase in thickness of the spirotheca, slight increase in massiveness of 
chomata, and a slight increase in overall size. There is no significant change in the 
tunnel angle or form ratio. It is suggested that these evolutionary changes may be 
used for purposes of stratigraphic correlation. 





































INTRODUCTION Geology. Publication of this paper is author- 
ized by the Director, U. S. Geological 
Survey. 





HIS paper discusses some characteristic 
fusulinid assemblages from the Thrifty 
formation in central Texas, notes some evo- 
lutionary changes in a single species (Triti- Eargle (personal communication) has re- 
cites plummeri Dunbar & Condra, 1927), and __ vised the stratigraphic nomenclature for the 
suggests how these changes may be used for Pennsylvanian rocks in Brown and Coleman 
stratigraphic correlation. The area from Counties, and it is his revised nomenclature 
which fusulinids have been studied lies in that is used throughout this report. The 
the outcrop belt of Pennsylvanian and Thrifty formation is the uppermost forma- 
Lower Permian rocks. This area lies between tion in the Cisco group of Late Pennsylva- 
the Brazos and Colorado Rivers, extending nian age in north-central Texas. The Cisco is 
about 100 miles through Stephens, East- considered to be approximately equivalent 
land, Brown, and Coleman Counties. It is to the Virgil of the Mid-continent region. 
about 90 miles west of Fort Worth. The Thrifty formation overlies the Graham 
Specimens from the Thrifty formation at formation of the Cisco group, and underlies 
10 localities were examined and figured for the Pueblo formation of the Wichita group 
this report. Specimens from 20 additional of Lower Permian age. 
localities were examined, but not figured. The Thrifty formation (Text-fig. 1) is de- 
All collections were made from stratigraphic fined by Eargle (personal communication) 
sections measured in conjunction with de- as including all beds between the base of the 
tailed mapping by D. H. Eargle, R. T. Speck Mountain limestone member and the 
Terriere, P. T. Stafford, R. J. Burnside, and top of the Chaffin limestone member. Its 
the author as a part of the cooperative pro- thickness in southeastern Coleman County 
gram of the U. S. Geological Survey and the is 60 to 75 feet. It becomes thicker to the 
University of Texas, Bureau of Economic _ north; in northwestern Brown County, it is 
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TEXT-FIG. 1—Generalized stratigraphy of the Thrifty formation, central Texas. 
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about 100 feet thick; in northern Eastland 
County, about 90 feet thick. The formation 
consists mostly of gray to yellowish-gray 
shale, with lesser amounts of sandstone and 
limestone. The sandstone is mostly brick red 
to yellowish brown, very fine to coarse 
grained, and in places conglomeratic with 
chert pebbles. The sandstone has been ob- 
served as thin lenses and beds, and as chan- 
nel-fill deposits. Inasmuch as the sandstone 
and shale units do not contain fusulinids, 
these units are not discussed in this paper. 

The limestones are found in three prin- 
cipal, more or less continuous units, all of 
which contain a fusulinid fauna. These lime- 
stone units are, from bottom to top: 


Speck Mountain limestone member (Blach 
Ranch limestone member of the Brazos 
River drainage basin). 

Breckenridge limestone member. 

Chaffin limestone member (Crystal Falls lime- 

stone member, in part, of the Brazos River 

drainage basin). 


The Speck Mountain is typically a green- 
ish- to yellowish-gray fine calcarenite with a 
shaly parting near the middle. It is thinnest 
in southeastern Coleman County, where it 
is about two feet thick; it becomes thicker 
northward along the strike, and in northern 
Stephens County, it is about eight feet thick. 
The lower bed of the Speck Mountain 
typically weathers into large angular blocks 
from 8 to 12 inches thick and several feet 
across. The upper bed usually weathers into 
rubble composed of lenticular fragments up 
to several inches in diameter. Weathered 
surfaces of the Speck Mountain, particularly 
the lower bed, may be ferruginous. 

The Breckenridge limestone member is 
separated from the Speck Mountain lime- 
stone member by 22 to 34 feet of shale with 
minor amounts of sandstone. It contains 
several beds of limestone separated by shale, 
which at some places, is calcareous. The 
thickness of the Breckenridge ranges from 
about five feet in northern Brown County to 
more than nine feet in southern Stephens 
County. In Brown County, it consists of a 
light greenish-gray limestone which has a 
pinkish hue at some localities. Some of the 
limestone may be of algal origin. In southern 
Stephens County, the Breckenridge consists 
of two or three beds of pale yellowish brown 
to yellowish-gray calcarenite, separated by 
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shale. At some localities in Stephens County, 
the Breckenridge grades upward into a 
calcareous shale bed several feet thick. 

The Chaffin, at its type section just south 
of the Colorado River in McCulloch County, 
has a reported thickness of 20 feet (Lee and 
others, 1938, p. 127). A short distance to 
the north, in the area of column A (Text-fig. 
1), only about two feet are exposed. The 
Chaffin here is a slabby, irregularly bedded 
gray limestone stained with large purplish- 
red spots. In northern Brown County, where 
two or three feet are exposed, the bed is a 
light olive gray, slabby, irregularly bedded 
calcilutite. In northern Eastland County, 
where it is four feet thick, the Chaffin is a 
nodular-weathering, light olive gray calcare- 
nite. The Chaffin, throughout the area, is 
separated from the Breckenridge by 30 to 50 
feet of shale with minor amounts of sand- 
stone. 


FUSULINIDS FROM THE THRIFTY FORMATION 


Some typical fusulinids from the Thrifty 
formation are illustrated in relation to 
columns A, B, and C (Text-fig. 1). Fusulinids 
from each area are illustrated below the 
letter symbols on Plate 93. The fusulinids are 
numerous in each of the limestone beds but 
have not been found in the intervening 
shales and sandstones. Each bed has a 
characteristic fauna which has been found 
throughout the area. Column A (Text-fig. 1), 
from southeastern Coleman County, was 
compiled from sections measured by R. T. 
Terriere; column B, from northwestern 
Brown County, was compiled from sections 
measured by P. T. Stafford; and column C 
is from a composite section prepared by 
R. J. Burnside for northern Eastland 
County. 

The Speck Mountain contains a fusulinid 
fauna characterized by Triticites plummeri 
Dunbar & Condra, 1927, (pl. 93, figs. 22,25, 
28), Dunbarinella sp. (pl. 93, figs. 24,26,30), 
and Schubertella sp. (pl. 93, figs. 23,37). 
These faunal elements are usually present 
wherever the Speck Mountain has been 
found and are typical of the member. 

The Breckenridge contains a triticite 
fauna of which Triticites plummeri is the 
dominant member (pl. 93, figs. 12,13,16,18, 
20,21). In addition, it contains Triticites sp. 
cf. T. mooreit Dunbar & Condra, 1927, (pl. 
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93, Fig. 15), Triticites cf. T. beedeti Dunbar & 
Condra, 1927 (pl. 93, figs. 14,19), and Tri- 
licites sp. (pl. 93, fig. 17). 

The Chaffin contains rather large speci- 
mens of the genus Triticites. Triticites 
plummeri (pl. 93, figs. 4,5,11) is very large 
for the species and is not very common. The 
specimens here called T. plummeri may not 
be conspecific with the true T. plummeri. 
Ventricose specimens of Triticites cf. T. 
beedet Dunbar & Condra, 1927, dominate 
the fauna (pl. 93, figs. 3,6,8). 

Triticites sp. (pl. 93, figs. 2,7,10) is also 
found in the underlying Breckenridge. 
Notable is the reappearance of Dunbarinella 
(pl. 93, figs. 1,9) in the Chaffin, although 
specimens of this genus are very rare. 


EVOLUTION IN TRITICITES PLUMMERI 


Triticites plummeri Dunbar & Condra, 
1927, the only species that has stratigraphic 
distribution throughout the Thrifty forma- 
tion, demonstrates an evolutionary change 
of particular significance to the stratig- 
rapher (pl. 92). Early stages of this species 
have been found in the lower beds of the 
underlying Graham formation (lower part 
of the Cisco group). True T. plummeri first 
appears in the Wayland shale member in 
the upper part of the Graham, where it is 
very similar to that found in the overlying 
Speck Mountain. 

Triticites plummeri in the Speck Mountain 
(pl. 92, figs. 5,6) characteristically has a 
small proloculus, or initial chamber, on the 
order of 50 to 75 microns in diameter, with 
an average of 68 microns. It has 7 to 9 
whorls, irregular septal fluting, and pro- 
nounced chomata. The tunnel angle, in the 
5th whorl, averages about 25° and ranges 
from 13° to 34°. 

In the Breckenridge (pl. 92, figs. 3,4), this 
species has a somewhat larger proloculus, 
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averaging 108 microns in diameter, and 
ranging from 60 microns to as much as 205 
microns in diameter. It also has 7 to 9 
whorls, irregular septal fluting, and some- 
what more massive chomata. The tunnel 
angle in the 5th whorl ranges from 12° to 
22° and averages about 18°. The spirotheca, 
or spiral wall, is somewhat thicker in the 
Breckenridge form than in the Speck Moun- 
tain form. 

In the Chaffin (pl. 92, figs. 1,2) this species 
has a still larger proloculus with an average 
diameter of 149 microns, ranging from 110 
microns to 200 microns. As in the older 
forms, Triticites plummeri in the Chaffin 
has 7 to 9 whorls and irregularly fluted septa. 
The chomata are more massive than in the 
older forms of this species, and the spiro- 
theca is somewhat thicker. The tunnel angle, 
in the 5th whorl, averages 21° and ranges 
from 19° to 26°. 

There is a slight increase in overall size 
in this species, the younger forms are some- 
what larger than the older. The form ratio, 
however, does not show any appreciable 
change. 

In general, Triticites plummeri in the 
Thrifty formation exhibits a demonstrable 
evolutionary change in several of its fea- 
tures. The proloculus, or initial chamber, is 
quite small in the older forms, and becomes 
progressively larger in the later forms. In 
the Speck Mountain specimens it averages 
68 microns; in the Breckenridge, 108 
microns; and in the Chaffin, 149 microns. 
The spirotheca, which has not:been meas- 
ured in a sufficient number of specimens for 
a quantitative value, becomes somewhat 
thicker in the younger forms, with an ap- 
parent corresponding increase in coarseness 
of alveoli. Overall size increases slightly, 
with, however, no appreciable change in 
form ratio. The chomata are more massive 





EXPLANATION OF PLATE 92 
All figures are magnified X10. 
Fics. 1,2—Triticites plummeri from the Chaffin limestone member USGS loc. f-10019. 1, USNM 119872 


2, USNM 119871. 


3,4—Triticites plummeri from the Breckenridge limestone member. 3, USGS loc. f-10093, USNM 
119885; 4, USGS loc. f-10053, USNM 119884. 

5,6—Triticites plummeri from the Speck Mountain limestone member. 5, USGS loc. f-10064, 
USNM 119892, 6, USGS loc. f-10070, USNM 119889. 
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in the younger forms. There is no appreciable 
change in the tunnel angle. 

The features here outlined have been 
found to be constant, within biological 
limits, for the specimens contained in each 
bed. Therefore, by examination of a fusu- 
linid assemblage, these features, in combina- 
tion with associated fusulinid faunas, pro- 
vide a valuable tool for purposes of strati- 
graphic correlation. 

Species other than Triticites plummeri 
have not been examined in sufficient detail, 


but, it seems likely, that they would exhibit 
similar evolutionary trends, and be of equal 
value as stratigraphic tools. 
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EXPLANATION OF PLATE 93 


The letters A, B, C refer to the columnar sections of Text-fig. 1. Unless otherwise noted, all figures 
are magnified X5. USNM=U. S. National Museum, USGS=U. S. Geological Survey. 
Fics. J-11—Fusulinids from the Chaffin limestone member. 

1-3—Fusulinids from the type section of the Chaffin limestone member, USGS loc. f-10057; 
1, Dunbarinella sp. USNM 119868; 2, Triticites sp., USNM 119869; 3, Triticites cf. T. beedei 
Dunbar & Condra, USNM 119870. 

4-6—Fusulinids from the Chaffin limestone member in northwestern Brown County. 4,5, USGS 
loc. f-10019; 6, USGS loc. f-10089; 4,5, Triticides plummeri Dunbar & Condra. 4, USNM 
119871; 5, USNM 119872; 6, Triticites cf. T. beedei Dunbar & Condra, USNM 119873. 

7~-11—Fusulinids from the Chaffin limestone member in northern Eastland and Stephens Coun- 
ties, 7,11, USGS loc. f-10088, 8-10, USGS loc. f-10087; 7, Triticites sp., USNM 119874; 8, 
Triticites cf. T. beedet Dunbar & Condra, USN M 119876; 9, Dunbarinella sp., USNM 119877; 
10, Triticites sp., USNM 119878; 11, Triticites plummeri Dunbar & Condra, USNM 119875. 

12-21—Fusulinids from the Breckenridge limestone member. 

12-13—Fusulinids from the Breckenridge limestone member in southeastern Coleman County, 
USGS loc. f-10090; 12,13, Triticites plummeri Dunbar & Condra. 12, USNM 119879; 13, 
USNM 119880. 

14-17—Fusulinids from the Breckenridge limestone member in northwestern Brown County, 
14,17, USGS loc. f-10055; 15,16, USGS loc. f-10053; 14, Triticites cf. T. beedei Dunbar & 
Condra, USNM 119881; 15, Triticites cf T. moorei Dunbar & Condra, USNM 119883; 16, 
Triticites plummeri Dunbar & Condra, USNM 119884; 17, Triticites sp., USNM 119882. 

18-21—Fusulinids from the Breckenridge limestone member in northern Eastland and Stephens 
Counties. 18, USGS loc. f-10093; 19-21, USGS loc. f-10091. 

18,20,21—Triticites plummeri Dunbar & Condra, 18, USNM 119885, type section of the Brecken- 
ridge limestone member; 20, USNM 119886; 21, USNM 119887; 19, Triticites cf. T. beedei 
Dunbar & Condra, USNM 119888. 

22-30—Fusulinids from the Speck Mountain limestone member. 

22-24—Fusulinids from the Speck Mountain limestone member in southeastern Coleman Coun- 
ty, USGS loc. f-10070; 22, Triticites plummert Dunbar & Condra, USNM 119889; 23, 
Schubertella sp. X15, USNM 119890; 24, Dunbarinella sp., USNM 119891. 

25-27—F usulinids from the Speck Mountain limestone member in northwestern Brown County, 
USGS loc. f-10064; 25, Triticites plummeri Dunbar & Condra, USNM 119892; 26, Dunbar- 
inella sp., USNM 119893; 27, Schubertella sp. X15, USNM 119894. 

28-30—Fusulinids from the Speck Mountain limestone member from northern Eastland and 
southern Stephens counties USGS loc. f-10092; 28, Triticites plummeri Dunbar & Condra, 
USNM 119895; 29, Triticites sp. USNM 119896; 30, Dunbarinella sp. USNM 119897. 
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PERMIAN AMMONOIDS FROM THE COLORADO PLATEAU 


A. K. MILLER anp W. M. FURNISH 
State University of Iowa, Iowa City 





ABSTRACT—Pseudogastrioceras mckeei, n. sp., 


is described from the Kaibab Forma- 


tion in Coconino County, northcentral Arizona. No goniatites have been illustrated 


previously from this region. 





; Colorado Plateau, some 130,000 
square miles in area, has extensive expo- 
sures of Permian marine strata. Neverthe- 
less, after an exhaustive study of these rocks, 
McKee (1938, p. 164) stated: 


The scarcity of caphalopods in general and 
the almost complete absence of ammonoids in 
particular are striking features of the Kaibab- 
Toroweap faunas. Six nautiloid and one am- 
monoid genera have been recognized in these 
formations, but most of them are represented 
by only one or by very few specimens. 


In view of this history, the discovery of a 
few well preserved goniatites merits con- 
sideration, even though only one species can 
be recognized. These several specimens were 
collected in 1953 by a U. S. Geological 
Survey party and were recently loaned to us 
by Mackenzie Gordon, Jr. 


PSEUDOGASTRIOCERAS MCKEEI M. & F. n. sp. 
Pl. 94, figs. 1,2 
?Gastrioceras sp. GirTy, in Lupton, 1916, U. S- 
Geol. Survey, Bull. 628, p. 22; McKEE, 1938, 
Carnegie Inst. Wash., Publ. 492, p. 165. 
Pseudogastrioceras aff. P. simulator MILLER, Fur- 
NISH, & CLARK, 1957, Jour. Paleontology, v. 31, 


p. 1059. 


This species is based virtually on a single 
specimen, a silicified internal mold to which 
portions of the test adhere. The individual is 
septate throughout. Its maximum diameter 
measures only 16 mm.; near its adoral end 
the conch is some 10 mm. wide, and the di- 


ameter of the umbilicus is about 4 mm. 

The surface of the test is reticulate, but 
the longitudinal lirae are more prominent 
than the growth lines. Also, the umbilical 
borders bear low transversely elongate 
nodes. Furthermore, there are constrictions 
parallel to the growth lines which form in- 
distinct lateral and ventral sinuses. The 
sutures (Text-fig. 1) have a wide bifid 
ventral lobe with moderately large sub- 
divisions, 

Remarks.—Although no part of the body 
chamber is retained, the several types are of 
the same general dimension, indicating that 
they are mature. Their size and fine surface 
sculpture are similar to those of congeneric 
forms that occur abundantly in the Phos- 
phoria Formation of Idaho-Wyoming and 
the Park City Formation of Utah. The speci- 
mens at those localities show considerable 
variation; nevertheless, none of the several 
hundred representatives now available re- 
veals the combination of characters in the 
Arizona form. 

The proportions of the sutures in P. 
mckeeit are similar to those of immature 
congeneric specimens in Texas and Coa- 
huila. However, the number of lirae is rela- 
tively great in the Arizona species, and it 
attained only a small size. 

In regard to the gastrioceratid from cen- 
tral Utah which Girty identified in 1916, 
Mackenzie Gordon, Jr., has recently written 
us: 





EXPLANATION OF PLATE 94 


Fics. 1,2—Pseudogastricceras mckeei M.&F., n. sp. The holotype (U.S.N.M. 119866) from the Kaibab 
Formation southwest of Lees Ferry, Coconino County, Arizona, X34. 
3-5—Gordonites missouriensis (Miller & Owen). Two syntypes (State Univ. Iowa, 13486) from 
the Cherokee Group, Henry County, Missouri, X3 and X2. 
6-9—Anthracoceras discus Frech. A topotype and the holotype (Geol.-Paliont. Mus. Berlin) 
from the Middle Carboniferous near Katowice, Upper Silesia, X2. 
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PERMIAN AMMONOIDS FROM COLORADO PLATEAU 


TeXT-FIG. 1—Pseudogastrioceras mckeei, n. sp. 
External suture of holotype (U.S.N.M. 119866) 
at 12 mm. diameter, from the Kaibab Forma- 
tion near Lees Ferry, northcentral Arizona. 


x6. 


The locality is on the San Rafael River near the 
Black Box, below Lockhart’s cabin, in the 
San Rafael Swell. The fossils in this collection, 
made by Robert Forrester, were identified by 
G. H. Girty, who pronounced them character- 
istic of the “Bellerophon limestone” or top of 
the Aubrey group (now included in the Kaibab 
formation). was able to locate this collection 
and have examined the three small specimens 
Girty included under Gastrioceras. One of these 
has umbilical nodes and therefore probably 
belongs in Pseudogastrioceras, although any 
longitudinal lirae once present, have not been 
preserved. The other two specimens are con- 
siderably eroded and show no surface sculpture 
or nodes, but poorly preserved sutures of the 
gastrioceratid type. “although these are slightly 
smaller specimens than those from Lees Ferry, 
it is entirely possible that they represent the 
same genus and species. 
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Occurrence.—Kaibab Formation at one 
locality near Lees Ferry, Coconino County, 
northcentral Arizona. The species occurs 
abundantly in brownish-gray banded chert 
on Soap Creek, about 100 feet below High- 
way-89 bridge, a quarter mile east of Cliff 
Dweller’s Lodge (U. S. Geol. Survey Loc. 
14616 blue [SWj sec. 27, T. 39 N., R. 6 E.]; 
collector J. P. Akers, 1953). 

Holotype and paratypes.—U. S. National 
Museum, 119866 and 119867. 
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THE GONIATITE GENUS ANTHRACOCERAS 


A. K. MILLER anp W. M. FURNISH 
State University of Iowa, Iowa City 





ABSTRACT—The holotype and a topotype of the type species of A nthracoceras Frech, 
A. discus Frech, are illustrated and described. They came from the early Upper 
Carboniferous just north of Katowice, Upper Silesia. The genus which is common 
and widespread in Europe, is related to Eumorphoceras and Girtyoceras and belongs 
in the Girtyoceratinae. A generic name Gordonites is proposed for the somewhat 
younger American forms that have been doubtfully referred to this genus. 





INTHRACOCERAS was established in 1899 

by Frech. In his text, this author 
treated the taxon as a subgenus of Nomismo- 
ceras; but on his plate legend he inadvert- 
ently placed it as a subgenus of Dimorpho- 
ceras, a typographical error which he cor- 
rected in a footnote (1901, p. 479) to a later 
portion of the same volume. Soon (1902a, p. 
104,111) he came to regard Anthracoceras as 
an independent genus; since that time it has 
been widely employed and generally ac- 
corded generic rank. 

In the orginal publication, a name was 
proposed for the only species that was re- 
ferred to the genus, N. (A.) discus Frech, 
from the Namurian (early Upper Carbonif- 
erous) at two Upper Silesian coal-mining 
localities, Carolinengrube and Hohenlo- 
hegrube, both just north of Katowice, now in 
south-central Poland. Two representatives 
of this species were illustrated; one figure 
shows the shape of the growth-lines and an- 
other the sutures only. Schwarzbach (1937, 
pl. 19, fig. 31) has since figured what is al- 
most certainly one of the original specimens. 
It was located in the collections at the 
University of Breslau, where Frech was 
professor, and it bore a red marker plus a 
label in his handwriting. This specimen may 
be the one represented by Frech’s Figure 
6a of 1899, and Schwarzbach regarded it as 
the “Holotypus?”’. However, this author 
did not consider the individual represented 
by Frech’s Figure 6b, which, as orginally 
stated, is in the Berlin Museum. It likewise 
bears a red marker and a label which indi- 
cates that it is an “‘Original.’’ Schwarzbach’s 
treatment of the specimen he studied should 
not be regarded as adhering to the principle 
enunciated in Article 30 of the I.R.Z.N. that 
the ‘‘meaning of the expression ‘select the 


type’ is to be rigidly construed.’’ Accord- 
ingly, the holotype, designated in 1939 
(Miller & Owen, p. 150), is the specimen 
from Hohenlohegrube_ represented by 
Frech’s Figure 6b, and we are reillustrating 
it (pl. 94, figs. 8,9). This holotype and a 
topotype were located by Dr. Klaus J. 
Miiller and loaned for study by Professor 
Walter Gross. 

In Europe, the genus Anthracoceras is 
widespread and abundant, and it ranges 
from the lower Namurian to the middle 
Wesphalian; that is, it occurs in the zones of 
Eumorphoceras, Gastrioceras, and Anthra- 
coceras. North American representatives are 
not common but have been described from 
the Upper Mississippian Eumophoceras Zone 
of Nevada (A. colubrellus M. & F.) and the 
Middle Pennsylvanian Cherokee of Illinois 
and probably Iowa (A. wanlessi Plummer & 
Scott and Eumorphoceras sanctijohanis Wie- 
dey)—the last is the type species of Wiedey- 
oceras Miller, 1932. In the Pennsylvanian of 
North America, Anthracoceras occurs in 
association with coal-bearing strata, just as 
do European forms in the Coal Measures. 

The most distinctive features of Anthra- 
coceras are the shallow rounded lateral lobes 
of the sutures and the prominent ventro- 
lateral salients of the growth lines. During 
ontogenetic development, representatives of 
the Pennsylvanian Gonioloboceras and 
Gonioglyphioceras possess these characters. 
Occurring in association with early species 
of those genera, is another form that prob- 
ably arose from Anthracoceras; its lateral 
lobes and the ventral prongs are angular, a 
character that is sufficient to distinguish it 
generically from typical Anthracoceras, 
though the species have previously been 
placed in that genus. We propose the name 
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GORDONITES for them, with the Chero- 
kee A. missouriense Miller & Owen as the 
type. This genus also includes A. oklaho- 
mense M. & O. of the Boggy Shale of Okla- 
homa, and probably A.? argentinense Miller 
& Garner of the Middle Pennsylvanian of 
Argentina, as well as a specimen from the 
Brentwood Limestone of Oklahoma (Miller 
& Furnish, 1940, p. 375, text-fig. 17A). 


Subfamily GIRTYOCERATINAE 
Wedekind, 1918 

Genus ANTHRACOCERAS Frech, 1899 

ANTHRACOCERAS DISCUS Frech, 1899 

Pl. 94, figs. 6-9 


Nomismoceras (Anthracoceras) discus FRECH: 
1899, Lethaea palaeozoica, Bd. 2, p. 337,349, 
pl. 46b, figs. 6a,6b; , 1901, ibid., p. 479. 

Dimorphoceras (Anthracoceras) discus FRECH, 
1899, ibid., legend pl. 46b. 

Anthracoceras discus KLEBELSBERG, 1912 [part?], 
Jahrb. k. k. geol. Reichsanst., Bd. 62, p. 514— 
515, pl. 23, figs. 7a,7b; Bisar, 1924, Yorkshire 
Geol. Soc., Proc., n. ser., 20, p. 100,102; 
SCHMIDT, 1925 [part?], Ten geol. Landes- 
anst., Jahrb., Bd. 45, p. 561-562, pl. 20, fig. 
18, pl. 26, figs. 5-7; ——, 1929 [part], Giirich 
Leitfossilien, ST ief. 6, p. 74 [non pl. 19, fig. 27]; 
Susta, 1929, [part?], Der Kohlenbergbau des 
ostrau-karviner Steinkohlenreviers, Bd. 1 p. 
410,415,416,418-421, pl. 14, figs. 3,4,6-8,12 13; 
pl. 15, fig. 14; Bisat, 1930, Great Britain Geol. 
Survey, Summ. Prog. 1929, pt. 3, p. 75; ——, 
1934, Leeds Geol. Assoc., Trans., vol. 5, p. 114; 
WirtH, 1935 [part?], N. Jahrb. Min. etc., Abh., 
B.Bd. 73, Abt. B, p. 239; PaTTeisKy, 1936 
[part?], ibid., B.-Bd. 76, Abt. B., p. 8; ScHwarz- 
BACH, 1937 [part?], ibid., B.-Bd. 78, Abt. B, 
p. 450-451, pl. 19, fig. 31; PLUMMER & Scott, 
1937, Texas Univ. Bull. 3701, p. 322; MILLER 
& OweEN, 1939, Jour. Paleontology, v. 13, p. 
148,150; DELEPINE, 1952, Piveteau Traité 
Paléont., t. 2, p. 578; CurRIE, 1954, Roy. Soc. 
Edinburgh, Trans., v. 62, pt. 2, p. 573-574; 
MILLter & FurnisH, 1957, Moore Treatise 
Invert. Paleontology, pt. L, p. 56. 





The holotype is an internal mold pre- 
served in light-brown dense carbonate with 
a dark gray shale matrix. It represents half 
a volution 40 mm. in diameter; about a 
third of it is septate. This specimen consists 
of three pieces cemented together, and glue 
on an external broken surface indicates that 
additional portions existed. The inner volu- 
tions are not preserved, and the body cham- 
ber is crushed. The conch is discoidal but 
may have been somewhat wider than in our 
illustration (Text-fig.1). The umbilicus is 
open but small, attaining a diameter of some 
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TEXT-FIG. 1—Anthracoceras discus Frech. Outline 
ventral view, based on a topotype (Berlin 
Geol.-Palaiont. Mus.), X2. The lateral dimen- 
sion may have been reduced by compression. 


3-4 mm. Only faint suggestions of the 
growth lines are retained. The suture (Text- 
fig. 2) forms a wide bifid ventral lobe in 
which the secondary saddle is relatively Jow 
and is about twice as wide as the secondary 
lobes. There is little or no indication of a 
prosiphonate condition in the siphuncle. 
The first lateral lobe is shallow and rounded. 

The paratype? figured and described by 
Schwarzbach represents a specimen that has 
a diameter of over 50 mm., and it preserves 
almost a volution of its body chamber. Of 
the phragmocone, only an impression of the 
adoral septum is retained. The growth lines 
are distinct and form prominent ventro- 
lateral salients. 

A topotype associated with the same label 
as the holotype, resembles the primary 
types just discussed, but it is somewhat 
smaller, about 30 mm. in diameter. Its body 
chamber is some three-fourths volution in 
length, terminated with a septum. The 
umbilicus is open but small. Traces of the 
growth lines which are retained on the in- 
ternal mold form prominent ventrolateral 
salients and low ones on the lateral zones of 
the conch. The ventral and lateral sinuses 
are deep. The inner portion of the specimen 
is filled with shale matrix, but it reveals the 
general nature of the internal sutures (Text- 
fig. 2). 

















A. K. MILLER AND W. M. FURNISH 


TEXT-FIG. 2—Anthracoceras discus Frech. Complete suture, based primarily on the holotype (Berlin 
Geol.-Palaont. Mus.) at a diameter of ca. 30 mm., from the early Upper Carboniferous, Upper 
Silesia, X3. Proportions of the internal suture were determined from the topotype, but details are 


somewhat restored. 


Remarks.—All three of the type specimens 
are of the same order of magnitude. The 
species appears to have attained a diameter 
of slightly more than 50 mm. at full matu- 
rity, with a body chamber nearly a volution 
in length. An additional Silesian specimen is 
flattened but suggests a diameter of more 
than 65 mm. The sutures and growth lines 
seem to be the same in all these individuals. 
The profile (Text-fig. 1) based on the topo- 
type, shows a less narrowly rounded venter 
than in Schwarzbach’s Plate 19, figure 31b; 
all the specimens are probably somewhat 
crushed. 

The holotype, Schwarzbach’s paratype?, 
and the available topotype appear to be con- 
specific. Several additional specimens from 
the same general horizon and area have been 
associated with this species by various au- 
thors. At least some of them are specifically 
distinct; for example Goniatites diadema 
Roemer, 1863 [non Goldfuss], which seems 
to have deeper lobes. 

Goniatites arcuatilobus and Nautilus Van- 
derbeckei, both of Ludwig, from the West- 
phalian Coal Measures have also been re- 
garded as synonomous with A. discus. 
Schmidt (1925, p. 559) stated that these 
species are similar but distinct. No satis- 
factory comparisons are possible, for certain 
of Ludwig’s types are immature and others 
do not reveal the sutures. 

Occurrence.—Namurian at Hohenlohe- 
grube (holotype and topotype) and Caro- 
linengrube [Karolinen Grube], both just 
north of Katowice [Kattowitz], Upper 
Silesia. In Upper Silesia and East Sudeten 
this species occurs with the genera Tylo- 


nautilus, Cravenoceras, and Eumorphoceras; 
an assemblage diagnostic of the Arnsberg- 
ian-Chesterian. Congeneric specimens have 
been recorded from other localities in 
Europe, and some way well be conspecific. 
T ypes.—Geologisch-palaeontologischen In- 
stituts und Museums der Universitat Ber- 
lin, holotype and topotype; Universitat 
Breslau (Wroctaw), paratype?, 2120. 
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LATE PLEISTOCENE MEGAFAUNA OF CAYUCOS, CALIFORNIA, 
AND ITS ZOOGEOGRAPHIC SIGNIFICANCE 


JAMES W. VALENTINE 


Department of Geology, University of Missouri, Columbia 





Apstract—Upper Pleistocene marine terrace deposits at Cayucos, San Luis Obispo 


County, California, have yielded a fauna of 130 species of larger invertebrates, 
chiefly mollusks. The assemblages are mixtures of rocky shore and inner sublittoral 
communities. All species are living today, although several are locally extinct and 


live only to northward or to southward. 


The Cayucos fauna representsa central California late Pleistocene faunal province. 
Fauras from this province are chiefly Oregonian in aspect, with a moderate-sized Cali- 
fornian element in protected shallow-water assemblages. By contrast, late Pleistocene 
faunas of southern California and northwestern Baja California are chiefly Californian 
in aspect, with small to moderate-sized Oregonian and small and rare Panamic ele- 
ments in exposed assemblages, and a moderate-sized, common Panamic element in 
protected shallow-water assemblages. Pleistocene faunas of protected shallow-water 


facies are most useful in delimiting the provincial boundary. 








INTRODUCTION 


HE existence of two distinctive types of 

late Pleistocene California marine mol- 
luscan faunas, one found north and the other 
south of the Santa Monica Mountains, was 
apparently first noted by Gale (in Grant & 
Gale, 1931, p. 39,64). Woodring (1952, p. 
407) suggested that this faunal change 
‘“..marked the boundary between two 
well-defined late Pleistocene fauna! prov- 
inces that are unrecognizable at the present 
time.’”” A number of relatively large and 
well-known faunas are recorded south of the 
boundary, but only a few have been de- 


scribed from the province to the north. The 


Cayucos fauna, San Luis Obispo County, 
California, furnishes much evidence as to 
the character of the northern faunal prov- 
ince, as itis by far the largest yet recorded 
from this region. 

Cayucos lies on a narrow terrace that is 
cut into the foothills of Santa Lucia Range 
along the margin of Estero Bay. Fossilif- 
erous marine terrace sediments are ex- 
posed in sea cliffs in the immediate vicinity 
of the town. The deposits have yielded 
faunas, chiefly of mollusks, at twelve local- 
ities in the sea cliffs (Text-fig. 1). 
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PREVIOUS WORK 


Three mollusks have been previously re- 
corded from the Cayucos Pleistocene, 
Bittium eschrichti montereyense and Pusula 
californiana by Allyn G. Smith and Bursa 
californica by Caruthers, all in Burch et al. 
(1945-46, no. 54, p. 3, 42; no. 55, p. 8). The 
nearest large fauna recorded north of 
Cayucos that may be of late Pleistocene age 
is from Tomales Bay (Text-fig. 2; Dicker- 
son, 1922; Mason, 1944, p. 104-105, Table 
4; Weaver, 1949, p. 99-105). The Tomales 
Bay fauna is a protected shallow-water 
assemblage containing many species that 
live today only south of Tomales Bay (16 of 
37, or 43 percent). 

In the Santa Maria district, approxi- 
mately 40 miles south of Cayucos, Woodring 
and Bramlette (1950, p. 53-54) have re- 
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tology locality catalogue, University of California, Los Angeles. Base map, Cayucos quadrangle, 
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corded several late Pleistocene assemblages 
from marine terrace deposits (Text-fig. 2). 
These consist chiefly of ‘‘rock-cliff and tide- 
pool” forms mixed with a few forms that 
live below low-tide line, all but three of 
which include the Santa Maria district in 
their present ranges. One species (Nucella 
lamellosa) is south of its present range; a 
second is compared to a species that lives 
no farther south than Cayucos on the main- 
land although it is reported living on the 


Channel Islands (Tegula cf. T. montereyi); 
and a third is compared to a species that is 
just outside the present southern limit of its 
range (Siliqua cf. S. patula). 


FAUNAL COMPOSITION 


The Cayucos megafuna includes at least 
130 species, of which 88 are gastropods, 34 
pelecypods, 3 chitons, 2 scaphopods, 2 
barnacles, and 1 a coral. The local distribu- 
tion of these groups is summarized in Table 








LATE PLEISTOCENE MEGAFAUNA, CALIFORNIA 








Crescent 
City 





= 


w 





PRINCIPAL FOSSIL LOCALITIES, 
CENTRAL CALIFORNIA PROVINCE 





. Tomales Bay 

. San Francisco Bay 
. Cayucos 

. Santa Maria district 
Gaviota 

. Goleta 

. Carpinteria 

. Ventura 

San Miguel Island 


ODNAOK UN — 








| 


120° 








use 100° 








TEXT-FIG. 2—Map of California and Baja California, showing principal fossil localities in 
the late Pleistocene central California province (numbers 1-9). 


1. All the species are still living, and several 
fragmentary specimens may be compared to 
living species. Entodesma saxicola, to which 
one fragmentary specimen is compared, is 
not previously reported fossil. 

A moderately large and evidently autoch- 
thonous microfauna of foraminifera and 


ostracodes is present in the Cayucos terrace 
deposit. This is exceptional, for no late 
Pleistocene microfaunas are recorded from 
California. A microfauna in the Dume 
terrace sediments at Pacific Palisades is 
probably reworked from older rocks (Valen- 
tine, 1956, p. 189). The Cayucos micro- 
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TABLE 1—COMPOSITION OF THE COLLECTIONS BY CLASSES, AND 
PRESENT RANGES OF THE SPECIES AND SUBSPECIES 








U.C.L.A. Locality Nos. 13445 3448|3393|3447|3446|3386 3387| 3388/3389 3391/3392 


| 








Identified or compared species or sub- 
species 

Species or subspecies of uncertain iden- 
tity 4 

Pelecypoda 16 

Scaphopoda 0 

Gastropoda 30 

Amphineura 

Anthozoa 

Cirripedia 

Species or subspecies living only to the 
north 

Species or subspecies living only to the 
south 


59 | 43 58 38 | 48 25 | 9 









































fauna, which is under study, is not recorded ; Representation 
Meaning per 1000 specimens 


here. , : collected 
Table 2 lists all species and subspecies Very Rare 2 or fewer 

found at Cayucos, with their relative abun- Rare 3 to a 

dances at each locality. The following yon a 4 128 


abundance symbols are used: Superabundant 129 or more 


TABLE 2—LiIstT OF SPECIES, SHOWING ABUNDANCE AT Eacu LOCALITY 








U.C.L.A. Locality Numbers 3445|3448|3393|3447|3446|3386 3387/3388|3389|3390!3391'3392 





PELECYPODA 
Nuculana sp. 

Glycymeris profunda (Dall) 
Glycymeris subobsoleta (Carpenter) 
Mytilus californianus Conrad 
Modiolus sp. 

Leptopecten latiauratus (Conrad) 
Hinnites giganteus (Gray) 
Pododesmus macroschisma (Deshayes) 
Glans subquadrata (Carpenter) 
Epilucina californica (Conrad) 
Pseudochama exogyra (Conrad) 

Kellia laperousi (Deshayes) 
“‘Cardium” sp. 

Protothaca staminea (Conrad) 
Protothaca cf. P. tenerrima (Carpenter) 
Trus lamellifer (Conrad) 

Transennella tantilla (Gould) 
Petricola carditoides (Conrad) 

Tellina bodegensis Hinds 

Tellina cf. T. buttoni Dall 

Tellina salmonea (Carpenter) 
Macoma irus (Hanley) 

Macoma nasuta (Conrad) 

Macoma cf. M. nasuta (Conrad) 
Semele decisa Conrad 

Semele rubropicta Dall 

Semele rupicola Dall 

Semele sp. 
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TABLE 2—Continued 





U.C.L.A. Locality Numbers 3445/3448 3393|3447|3446|3386 3387|3388 3389 3390/3391 '3392 
a —é | 








Cumingta californica Conrad 
Siliqua sp. 

Schizothaerus nuttalli Conrad R ] Cc 
Hiatella arctica (Linnaeus) ] 
Cryptomya california (Conrad) 
Zirfaea? sp. 

Pholadidea penita (Conrad) 
Entodesma cf. E. saxicola (Baird) 


SCAPHOPODA 
Dentalium neohexagonum Sharp & Pils- 
bry 
Dentalium pretiosum Sowerby 
Dentalium sp. 




















GASTROPODA 
Haliotis rufescens Swainson 
Diodora aspera (Eschscholtz) 
Diodora inaequalis (Sowerby) 
Lucapinella callomarginata Dall 
Megatebennus bimaculata (Dall) 
Fissurella volcano Reeve 
Acmaea digitalis Eschscholtz 
Acmaea insessa Hinds 
Acmaea instabilis (Gould) 
Acmaea limatula Carpenter 
Acmaea mitra Eschscholtz 
Acmaea pelta Eschscholtz 
Acmaea persona Eschscholtz 
Acmaea scabra (Gould) 
Acmaea scutum Eschscholtz 
Pupillaria parcipictus (Carpenter) 
Calliostoma ligatum (Gould) 
Tegula brunnea (Philippi) 
Tegula funebralis (A. Adams) 
Tegula monterey (Kiener) 
Halistylus pupoideus (Carpenter) 
Homalopoma carpenteri (Pilsbry) 
Homalopoma paucicostatum (Dall) 
Tricolia pulloides (Carpenter) 
Lacuna marmorata Dall 
Lacuna cf. L. marmorata Dall 
Littorina planaxis Philippi 
Littorina scutulata Gould 
Barleeia oldroydi Bartsch 
Barleeia? sp. 
Rissoina coronadoensis Bartsch 
Alvania cf. A. montereyensis Bartsch 
Petaloconchus complicatus Dall 
Aletes squamigerus Carpenter 
Micranellum crebricinctum (Carpenter) 
Bittium eschrichti montereyense Bartsch 
Bittium purpureum (Carpenter) 
Bittium cf. B. purpureum (Carpenter) 
Cerithiopsis sp. 
Seila montereyensis Bartsch 
Triphora sp. 
Epitonium tinctum (Carpenter) 
Epitonium sp. 
Opalia wroblewski (Morch) 
Hipponix antiquatus (Linnaeus) 
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TABLE 2—Continued 





U.C.L.A. Locality Numbers \3445|3448|3393 3447|3446 3386|3387 3388|3389 3390|3391 3392 





Hipponix tumens Carpenter 
Crepidula aculeata (Gmelin) 
Crepidula adunca Sowerby 
Crepidula coei Berry 

Crepidula nummaria Gould 
Crepidula onyx Sowerby 
Crepipatella lingulata (Gould) 
Velutina laevigata (Linnaeus) 
Pusula californiana (Gray) 

Erato columbella Menke 

Erato vitellina Hinds 

Neverita reclustana (Deshayes) 
Bursa californica (Hinds) 

Jaton festivus (Hinds) 

Ceratostoma foliata (Gmelin) 
Ocinebra circumtexta (Stearns) 
Ocinebra cf. O. circumtexta (Stearns) 
Ocinebra interfossa Carpenter 
Ocinebra interfossa beta (Dall) 
Ocinebra foveolata (Hinds) 

Ocinebra lurida (Middendorff) 
Ocinebra lurida aspera (Baird) 
Ocinebra cf. O. lurida aspera (Baird) 
Ocinebra sp. 

Acanthina spirata (Blainville) 
Nucella canaliculata (Duclos) 
Nucella emarginata (Deshayes) 
Nucella lamellosa (Gmelin) 
Amphissa versicolor Dall 

Mitrella carinata (Hinds) 

Mitrella carinata gausapata (Gould) 
Mitrella tuberosa (Carpenter) 
“‘Nassa”’ delosi Woodring 

“‘Nassa”’ fossata (Gould) 

‘*Nassa’’ mendica Gould 

‘‘Nassa’’ mendica cooperi Forbes 
‘“‘Nassa”’ perpinguis Hinds 

Olivella biplicata (Sowerby) 
Olivella pedroana (Conrad) 

Mitra idae Melvill 

Conus californicus Hinds 
Megasurcula carpenteriana (Gabb) 
Pseudomelatoma torosa (Carpenter) 
Ophiodermella incisa fancherae (Dall) 
“‘Mangelia” interlirata Stearns 
“‘Mangelia” variegata Carpenter 

** Mangelia”’ sp. 

Turbonilla spp. 

Balcis thersites (Carpenter) 

Balcis sp. 
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AMPHINEURA 
Tonicella sp. 
Mopalia muscosa (Gould) 
Amicula stelleri (Middendorff) 


CIRRIPEDIA 








Balanus sp. 
Tetraclita sp. 











ANTHOZOA 
Balanophyllia elegans Verril 
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HABITATS AND GEOGRAPHIC RANGES 
OF SPECIES 


The assemblages are composed chiefly of 
rocky shore types mixed with a few inner 
sublittoral forms. They were deposited 
within a few fathoms of water along an ex- 
posed rocky coast much like the present 
shore line at Cayucos. A few rare forms that 
may represent somewhat deeper water 
habitats, such as Glycymeris profunda, 
Semele rubropicta, and Dentalium pretiosum, 
may have been transported shoreward by 
storm waves. 

There is lateral change in the fauna be- 
tween localities west of Cayucos and those 
at the foot of town. The western localities 
contain more species, and the assemblages 
are dominated by intertidal rock-dwelling 
forms. For example, the most abundant 
forms from locality 3393 include species of 
Fissurella, Acmaea, Tegula, Littorina, and 
Hipponix, together with the ecologically 
wide-ranging Crepidula and Olivella. Local- 
ities in town contain a greater proportion of 
sublittoral species; abundant forms at 
locality 3389 include species of Dentalium, 
Neverita, and ‘‘ Nassa,” plus the ubiquitous 
Olivella, as well as the rocky-shore Acanthina 
and Nucella. These contrasting biofacies 
doubtless reflect the distribution of the 
ancient biotopes. 

Only a few species represented in the 
Cayucos Pleistocene do not include Cayucos 
in their present ranges. Four are southern 
forms. Their nearest recorded living occur- 
rences are: Glycymeris profunda, Redondo 
Beach; Semele decisa, San Pedro; Rissoina 
coronadoensis, Redondo Beach, and Jaton 
festivus, Morro Bay. A fifth species, ‘‘ Nassa”’ 
delosi, may or may not live as far north as 
Cayucos today; collecting records are con- 
fused. Two species are more northern in 
occurrence. Nucella lamellosa, common or 
abundant at all localities but one, is not 
known to be living south of Santa Cruz, and 
Amicula stellerit is not known to be living 
south of Monterey on the mainland, al- 
though it has been recorded from Santa 
Barbara Island. Four additional species, 
Tegula brunnea, T. montereyi, Alvania 
montereyensis, and Nucella canaliculata, are 
reported living at Cayucos but no farther 
south on the mainland. Both species of 
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Tegula live today on the Channel Islands. 

Most of these northern and southern 
species have been recorded outside of their 
Recent ranges in other Pleistocene deposits. 
Only Rissoina coronadoensis is not pre- 
viously recorded farther outside its present 
range. Significantly, Glycymeris profunda, 
Semele decisa, Jaton festivus, and perhaps 
“‘Nassa”’ delosi are among the southern 
species found in the Tomales Bay Pleis- 
tocene (Dickerson, 1922; Mason, 1934, p. 
104-105, Table 4; Weaver, 1949, p. 104; 
U.C.L.A. collections). Their occurrence at 
Cayucos, intermediate between southern 
California and Tomales Bay, demonstrates 
that they may be closely associated with 
northern forms under certain conditions. 
This suggests that the faunas from Tomales 
Bay, from Cayucos, and faunas of cool- 
water aspect from southern California 
north of the Santa Monica Mountains, 
might be roughly contemporaneous. Their 
differences in thermal aspect may reflect 
only a pattern of distribution of water tem- 
peratures, and not temporal changes in 
ocean temperature. 


CENTRAL CALIFORNIA LATE PLEISTOCENE 
FAUNAL PROVINCE 


If the ranges of the species that no longer 
occur at Cayucos are temperature con- 
trolled, then the Cayucos fauna indicates 
that late Pleistocene marine temperatures 
were somewhat different from those of to- 
day; a greater temperature range may well 
have been present. A decrease in the post- 
Pleistocene range of water temperatures has 
previously been postulated for central, 
southern, and Baja California (see for ex- 
ample Valentine, 1955, and Emerson, 1956a, 
1956b), although southern assemblages do 
not have the same aspect as those from 
central California. 

The differences between late Pleistocene 
assemblages from central and southern 
California may be conveniently discussed in 
terms of Recent faunal provinces. For this 
purpose, three Recent provinces are rec- 
ognized: Oregonian, 55° to 343° north; 
Californian, 34}° to 28° north for protected 
shallow-water communities, and 343° to 23° 
north for exposed coast communities; and 
Panamic, 28° and 23° north for protected 
and exposed communities, respectively, and 
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south to Peru (Text-fig. 2). These are modi- 
fied from provincial boundaries recognized 
by Bartsch (1912) and partly validated by 
the data of Schenck and Keen (1939, espe- 
cially Text-fig. 2). Emerson (1956b, p. 329) 
gives a summary of the faunal situation at 
the Californian-Panamic boundary. 

The central California late Pleistocene 
province was chiefly Oregonian in aspect. It 
was purely Oregonian, or nearly so, in ex- 
posed assemblages, but with a moderate- 
sized Californian element in protected 
shallow-water assemblages. Faunas of this 
type are known in the Pleistocene from 
Tomales Bay to Ventura. In addition to the 
fauna from Tomales Bay discussed above, 
a few protected shallow-water species are 
recorded from Upper (?) Pleistocene deposits 
in the San Francisco Bay region (Gabb, 
1869, p. 106; Cooper, 1888, p. 252,256; 
Arnold, 1903, p. 49; and Weaver, 1949, p. 
105). Several exposed-coast or shallow-water 
offshore faunas are known from this prov- 
ince (Text-fig. 2); they include the Gaviota 
district faunas (Woodring in Upson, 1951, 
p. 421(?),430,433), and faunas from the 
Goleta area (Grant & Gale, 1931, scattered 
records; Oldroyd & Grant, 1931), from the 
Carpinteria district (Grant & Strong, 1934), 
and the Ventura region (Grant & Gale, 1931, 
scattered records; Grant in Putnam, 1942, 
p. 699-700). A small fauna from San Miguel 
Island (Keen in Cockerell, 1938, p. 8-9) may 
possibly belong here. From the northern 
margin of the Los Angeles basin at Potrero 
Canyon southward to at least Punta Baja, 
Baja California (Text-fig. 2; Valentine & 
Meade, in preparation), and probably in- 
cluding Santa Barbara Island (Gabb, 1869, 
p. 75, reports Acanthina lugubris), late 
Pleistocene faunas are chiefly of Californian 
aspect, with small but persistent Oregonian 
and very rare Panamic elements in exposed 
communities, and moderate-sized Panamic 
elements in protected shallow-water com- 
munities. Such faunas characterize the 
southern California province. 

Exposed-coast faunas of the two provinces 
are thus very similar, especially as there is an 
Oregonian element in the southern province. 
The only positive criterion known to sepa- 
rate them is the presence of species restricted 
to the southern part of the Recent Cali- 
fornian province or to the Recent Panamic 
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province in the southerly late Pleistocene 
province. Such species are very rare and are 
absent in many exposed coast assemblages, 
On the other hand, protected shallow-water 
assemblages of each of the two late Pleis- 
tocene faunal provinces appear to be readily 
distinguished. For example, the northern- 
most fauna recorded from the southern late 
Pleistocene province, a chiefly quiet shallow- 
water assemblage from Pacific Palisades, 
contains many species of the Recent Pan- 
amic and southerly Californian provinces 
(Woodring in Hoots, 1931, p. 122; Wood- 
ring et al., 1949, p. 106; Valentine, 1956). 
The only late Pleistocene protected shallow- 
water fauna of any size recorded from cen- 
tral California, the Tomales Bay fauna, 
lacks these southern species. 

It therefore seems necessary to take fau- 
nal facies into account in delineating the 
provincial boundary. This situation illumi- 
nates the statement of Emerson (1956b, p. 
325-326) that warm-limited (thermophilic) 
species are more useful for interpreting 
ancient climatic conditions than cold- 
limited (frigophilic) species. Along coasts 
where upwelling appreciably affected faunal 
distribution, the limits of warm shallow- 
water forms, commonly found in protected 
facies, provide the most useful criteria for 
the delimitation of Pleistocene molluscan 
faunal provinces. Durham (1950) has used 
a somewhat similar approach in studies of 
more ancient marine temperatures. 

Although the boundary between the Re- 
cent Oregonian and Californian molluscan 
provinces may be drawn at about Point 
Conception, the molluscan fauna of the 
Channel Islands contains several species 
that are otherwise restricted to the Orego- 
nian province, afew of which have markedly 
discontinuous distributions. Tegula brunnea, 
T. montereyi, and Amicula stellert, discussed 
above, represent this group. These species 
may simply have been introduced from 
Oregonian spawning grounds through trans- 
port of larvae by southward-flowing cur- 
rents. At times, the islands have somewhat 
lower water temperatures than the adjoin- 
ing mainland, and they lie downcurrent from 
the Oregonian province. However for some 
species, such as the Amicula, the necessary 
transport distance seems rather long. Per- 
haps these mollusks are relict forms, rem- 
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nants of the exposed-coast faunal element, 
now regarded as Oregonian, that ranged 
well to southward in the late Pleistocene. 

Professor Daniel I. Axelrod has pointed 
out (oral communication, 1957) that the 
boundary between two late Pleistocene floral 
provinces may closely correspond to the 
molluscan provincial boundary discussed 
here. Floras from Santa Cruz Island 
(Chaney & Mason, 1930) and Carpinteria 
(Chaney & Mason, 1933) indicate a cooler, 
wetter climate than that there today. They 
include species that live at present only 
well to northward in relatively humid re- 
gions on the coast slope of the Coast Ranges. 
By contrast, the flora from the Rancho La 
Brea deposits in Los Angeles basin (Frost, 
1927; Stock, 1930, p. 73-74) lacks these 
northern humid types, such as Douglas fir 
and coast redwood. It contains species, like 
juniper, that live in drier, cooler inland dis- 
tricts today. The association indicates a 
cooler and more humid climate than in Los 
Angeles basin today but less humidity than 
is indicated by the Pleistocene floras at 
Carpinteria and Santa Cruz Island. Differ- 
ences in the character of the avifauna be- 
tween Carpinteria and Rancho La Brea 
(Miller, 1931; Miller & DeMay, 1942, p. 
63-66) apparently reflect the environmental 
change between these two different floristic 
areas. 

In summary, there is evidence to suggest 
that a distinctive marine faunal province 
was developed in central California during 
late Pleistocene time. Its duration is not 
known, but may include the times of deposi- 
tion of the faunas at Tomales Bay, at Cay- 
ucos, at several localities on the mainland 
along the Santa Barbara Channel, and per- 
haps at San Miguel Island. The southern 
limit of this province is at least as far north 
as the western Santa Monica Mountains, 
but it should not be regarded as firmly es- 
tablished until it can be more closely de- 
limited to northward by protected shallow- 
water faunas. The northern limit is not 
known, but to judge from Maxon’s (1933, 
p. 136) analysis of a fauna near Crescent 
City, it may lie in Oregon. 


DESCRIPTION OF LOCALITIES 


Locality numbers refer to the invertebrate 
paleontology locality catalogue, University 


of California, Los Angeles. Collections were 
made by the writer in November, 1955 and 
March, 1956 from marine terrace sediments 
in and near Cayucos, California. 

Locality 3386. Sea cliffs at the foot of 
South Second Street. 

Locality 3387. Sea cliffs at the foot of 
South Third Street, on north side of cove. 

Locality 3388. Sea cliffs near the foot of 
South Third Street, on south side of cove. 

Locality 3389. Gully cutting sea cliffs just 
south of the foot of South Fifth Street. 

Locality 3390. Prominent point approxi- 
mately 50 feet south of the foot of South 
Fifth Street. 

Locality 3391. First prominent point 
south of point at locality 3390, and sepa- 
rated from the latter by a shallow irregular 
cove. 

Locality 3392. Sea cliffs in cove 60 feet 
south of locality 3391. 

Locality 3393. Sea cliffs approximately } 
mile west of the mouth of Cayucos Creek, 
and about 75 feet west of intersection of 
frontage road with California State High- 
way 1. 

Locality 3445. Sea clifis approximately 2} 
miles west of mouth of Cayucos Creek, just 
west of headland to west of Cayucos Point, 
0.8 mile N 53° W from Cayucos Point. 

Locality 3446. Sea cliff of small headland 
approximately 0.1 mile west of mouth of 
Cayucos Creek. 

Locality 3447. Sea cliffs at small point 
nearly opposite intersection of frontage 
road with California State Highway 1, about 
90 feet east of locality 3393. 

Locality 3448. Sea cliffs approximately 
1} miles west of mouth of Cayucos Creek, 
just west of first stream gully east of Cay- 
ucos Point. 
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WHAT HIGHER MAGNIFICATION IS DOING .FOR THE 
STUDY OF GRAPTOLITES 


CHARLES E. DECKER anp NEAL HASSINGER 
University of Oklahoma, Norman 





AsstrRAcT—Although graptolites have been known for over 200 years, their method 
of reproduction has been little understood. Bithecae, representing the male element, 
was thought to be limited to Dendroidea and to two genera of Graptoloidea; a fe- 
male element had not been discovered; stinging cells had not been recognized; and 
few, if any, polyps were known to be preserved. 

The authors have been studying graptolites magnified X36 and have found hive- 
shaped gonothecae representing the female element to be characteristic of all grap- 


neri- tolite groups. These structures, together with bithecae, complete the requirements 
: for bisexual reproduction, and it was found that bithecae are also characteristic of 
rine all the groups. The reproductive structures, gonothecae, are found imbedded in the 
neri- stipes Lasigraptus (Hallograptus) bimucronatus (Nicholson) and it is believed that 
38, 6 the sacs occurring along the sides of the stipes were filled with air for help in trans- 
portation instead of serving in reproduction, as they were considered to be by James 
cord Hall. Three types of polyps have been found preserved in great numbers and detail. 
eles These include autothecal, bithecal, and gonothecal polyps, with nematothecae to 
house stinging cells that are well developed on them. 
>s of Their single row of extensible tentacles around the aperture, their bisexual repro- 
para duction, and their stinging cells relates the Graptoloidea closely with the Coelen- 
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; subject of this paper implies that 
something of value results from using 
higher magnification, and the phrase ‘“‘is 
doing” in the title indicates that it is a 
progressive study. 

The writers had two fine collections of 
Upper Cambrian graptolites from Virginia 
and Tennessee for which a Lapworth grapto- 
lite microscope was used to make camera 
lucida drawings for transfer to plates. By 
chance, one of the colonies was observed 
under a binocular microscope with a magni- 
fication of X36 where detail of structure and 
parts was revealed such as never had been 
seen before. As a result, the structureless 
camera lucida drawings were discarded, and 
plans were made to get unretouched photo- 
graphic enlargements of the newly revealed 
structures. 

Best photographs are secured from well- 
preserved graptolites with clean surfaces, 
and with marked color contrast between 
that of the stipes and the surrounding 
matrix. Some are found that have suffi- 
ciently strong contrast. On others, increase in 
contrast was sought by moistening with 
water and with alcohol, neither of which 
helped, but when moistened with bay rum 
a new marked contrast was secured on many 
forms. 


After the slides for this paper were 
finished, stipes of Diplograptus teretiusculus 
and Amplexograptus maxwelli were found to 
have 10 to 20 or more polyps preserved on a 
single stipe with thecal walls removed so as 
to expose the entire length of the preserved 
polyps. 

Hive-shaped gonothecae representing the 
female element were discovered first on 
branching Dendroidea, most commonly 
occurring at a point just below the bifurca- 
tion of the branches, but also at intervals 
along the stipes to the extent that they were 
characteristic of the branching forms, and 
bithecae were found to be characteristic not 
only of Dendroidea but also of all groups 
of Graptoloidea. So with male and female 
elements thus widely represented, bisexual 
reproduction is established for graptolites. 

On some forms, tiny tubes, interpreted as 
nematothecae to house stinging cells, are 
presented on the thecae, as well as along the 
stipes, and on the sides of polyps. 

As more and more preserved polyps were 
discovered some were found to have a single 
row of tentacles extending around the aper- 
ture. 

These newly discovered structures and 
parts relate graptolites closely with Co- 
elenterata. 
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In 1868 Hall illustrated what he called 
Graptolithus whitfieldi with sacs along its 
margins which he considered reproductive 
in function. This form is now called Lasio- 
graptus (Hallograptus) bimucronatus (Nichol- 
son), and by borrowing Hall’s type specimen 
from the Smithsonian Institution, Washing- 
ton, D.C. and the American Museum of 
Natural History in New York, photo- 
graphic enlargements were secured to show 
female elements, gonothecae imbedded in 
the midst of the stipes, thus leaving the 
laterally diposed sacs to contain air and 
help in transportation to attain wide dis- 
tribution. 

To summarize, this study has determined 
the wide distribution of bithecae, has dis- 
covered gonothecae to prove the bisexual 
method of reproduction, and has shown the 
presence of nematothecae. It has also located 
gonothecae in Lasiograptus bimucronatus to 
show that Hall’s ‘‘reproductive sacs’’ were 
doubtless pneumatic, and shown the pres- 
ence of great numbers of three types of 
preserved polyps to supply wonderful in- 
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formation concerning habits and character- 
istics of graptolites. 

The evidence for the new structures and 
parts resulting from this study is shown by 
unretouched photographic enlargements on 
three plates for the following species: 


Dendrograptus edwardsi Ruedemann 
Dendrograptus hallianus (Prout) 
Dendrograptus hallianus spissus Ruedemann 
Dendrograptus kindlet Ruedemann 
Callograptus antiquus Ruedemann 
Callograptus staufferi Ruedemann 
Dictyonema alexanderi Decker 
Dicranograptus nicholsoni parvangulus Gurley 
Diplograptus teretiusculus (Hisinger) 
Diplograptus vespertinus Ruedemann 
Diplograptus (A mplexograptus) 
Decker 
Climacograptus inuiti Cox 
Glossograptus quadrimucronatus (Hall) 
Climacograptus bicornis Hall 
Mastigograptus dendrograptoides Decker 
Lasiograptus (Hallograptus) bimucronatus 
(Nicholson) 
Monograptus vomerinus (Nicholson) 
Monograptus vulgaris Wood 


maxwelli 


Other species on which these structures 
have been found are as follows: 


EXPLANATION OF PLATE 95 


All photographs on this plate are unretouched. 


Fics. A 1,2—Dendrograptus edwardsi Ruedemann. J, Part of a stipe with sharp thecal ends projecting, 
X2; 2, small part of stipe with tentacles protruding at tn, a bitheca to left of 6, and nema- 
tothecae to right of each m, X25. Lodi shale, Afton, Minn. 

B1,2—Dendrograptus edwardsi Ruedemann. J, Specimen from same locality as AJ, X2; 2, small 
part of stipe showing end of bithecal polyp at bp, protruding tentacles at tn, and a gonotheca 


at g, X26. 


C1,2—Dendrograptus hallianus (Prout). 1, Part of a branching colony, X2; 2, a branching stipe 
showing two gonothecae to right of », and a bithecal polyp to left of bp, 28. Lodi shale, 


Afton, Minn. 


D1,2—Dendrograptus hallianus spissus Ruedemann. J, Branching part of colony, X2; 2, part of 
colony enlarged showing gonothecae near g, bithecae at b, nematothecae at m, and large 
barrel-shaped gonothecal polyp at gp, all 28. 

E1,2—Dendrograptus kindlei Ruedemann. J, Part of a branching colony, X3; 2, part of a stipe 
showing two light colored gonothecae at g,g, light bithecal polyp at bp, polyp with tentacles 
at pt, and tentacles protruding at én, all X24. 

F1,2,3—Callograptus antiquus Ruedemann. 1, Stipe, X2; 2, part of stipe showing polyp with 
nematothecae above pn, and polyp with tentacles extended below tn, X24; 3, part of stipe 
with three gonothecae to left of g,g,g, end of autothecal polyp at p, and bithecal polyps at 
each bp, all X28. 

G1,2,3—Callograptus staufferi Ruedemann. J, Part of a colony, X3; 2, part of a branching stipe 
showing gonothecae to left of g, near base and to right of g near top, X26; 3, part of branch- 
ing stipe showing nematothecae to right of 2, bithecal polyp to left of bp, and vertical barrel- 
shaped gonothecal polyp with nematothecae on its side to left of gp, all 28. Lodi shale, 
Afton, Minn. 

H1,2—Dictyonema alexanderi Decker. 1, Part of colony, X2; 2, enlargement of part of colony 
showing gonothecae at g,g,g,g, bithecal polyp at bb, and gonothecal polyps at gp, all X12. 
Haragan marl, 3 miles south of Fithstown, Okla. 
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MAGNIFICATION AND STUDY QF GRAPTOLITES 


Didymograptus sagitticaulus Gurley 

Dicellograptus complanatus Lapworth 

Dicellograptus forchammeri flexuosus Lapworth 

Dicellograptus gurleyi Lapworth 

Dicellograptus intortus Lapworth 

Diplograptus calcaratus alabamensis Ruede- 
mann 

Diplograptus crassitestus Ruedemann 

Diplograptus truncatus Lapworth 

Diplograptus recurrens Ruedemann 

Lasiograptus mucronatus (Hall) 

Climacograptus scharenbergi Lapworth 

Climacograptus typicalis Hall 


In the excellent illustrations by Tom- 
czyk (1956) these structures are shown well 
in the following species: 

Gothograptus nassa Holm 

Plectograptus macilentus (Térnquist) 

Monograptus testis Rarrande 

Cyrtograptus lundgreni Tullberg 

Monograptus scanicus Tullberg 

Pristiograptus, 5 species 

Saetograptus, 2 species and 2 varieties 


The results of this study have brought to 
light much valuable information for grapto- 
lites which are so important for widespread 
correlation. It has shown the extensively 
wider distribution of the male bithecae, and 
has proven the presence of the female gono- 
thecae in all graptolite groups to indicate 
bisexual reproduction, thus settling de- 
finitely the much discussed and misunder- 
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stood problems of reproduction. Also im- 
portant has been the finding of three types 
of polyps preserved in great detail in great 
numbers giving remarkable evidence con- 
cerning structures and characteristics. The 
finding that stinging cells were character- 
istic of graptolites is important in that 
it relates them more closely with Coelen- 
terata, a classification favored by Bohlen 
1950. This with a dozen other characteristic 
differences separates them still more clearly 
from Rhabdopleura of the Hemichordata. 

It is hoped that the results of this study 
will encourage others around the world to 
try these methods of study and illustration 
to secure for themselves a confirmation of 
these results, and so help to advance the 
study of graptolites. 
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EXPLANATION OF PLATE 96 


Fics. A1,2—Didymograptus cf. D. nitidus (Hall). 1, Part of stipe, X6;2, stipe enlarged with gonothecae 
above g, g, autothecal polyps, p,p,p, X18. 658 feet below top of Arbuckle limestone, U. S. 77, 


Arbuckle Mountains. 


B1,2—Dicranograptus nicholsoni parvangulus Gurley. 1, Branching stipe, X1; 2, part of branching 
stipe with gonothecae at g,g, X8. Normanskill shale, Am. Mus. Nat. Hist., N. Y. 

C1,2—Diplograptus teretiusculus (Hisinger). 1, Stipe, X2; 2, part of stipe with 12 preserved 
polyps with thecal wall removed, nematothecae, n, showing on polyps, X12. Stringtown 


shale, 1 mile south of Stringtown. 


D1,2—Diplograptus vespertinus Ruedemann. J, Stipe, X2; 2, part of stipe showing gonothecae 
central area, bithecal polyp at bp, and tentacles protruding at tn, X24. Viola limestone, 


Rock Crossing, Criner Hills, Okla. 


E1,2—Diplograptus (Amplexograptus) maxwelli Decker. 1, Stipe, X4; 2, part of stipe showing 
gonothecae to left of g,g,g, X12. Upper Bromide formation, Rock Crossing, Criner Hills, 


Okla. 
F1,2,3,4—Diplograptus (Amplexograptus) maxwelli Decker. 1, Stipe, X3; 2, part of stipe, X4; 
3,4, parts of stipe showing bithecal polyps at bp, gonothecal polyps at gp, and nematothecae 


on polyps at nm, X18. 


G1,2—Climacograptus inuiti Cox. 1, Stipe, X2; 2, part of stipe showing gonothecae at g,g, X6. 
Trenton, Akpatok Island, Ungava Bay. 
H1,2—Climacograptus bicornis (Hall). 1, Stipe, X1; 2, part of stipe with several light bithecal 
polyps preserved and showing gonothecae to right of g,g, X6. Normanskill shale, N. Y. State 
us. XXI. 
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EXPLANATION OF PLATE 97 


Fics. A 1,2—Diplograptus teretiusculus (Hisinger). 1, A dozen autothecal polyps shown below middle 
and at top have thecal walls removed and expose entire length of polyp at pn, 6; 2 (below), 
single preserved polyp with tentacles at top, K 26 


B1,2—Diplograptus crassitestus Ruedemann. J, Sti 
to right and left above g, end of autothecal polyp with tentacles on le 


, X2; 2, part of me showing gonothecae 
ft at p, nematothecae 


at n,n,n and end of polyp at right of p, all X28. Sylvan shale, Cool Creek, Arbuckle Moun- 


tains, Okla. 


C1,2—Monograptus vulgaris Wood. 1, Part of stipe, X2; 2, part of stipe showing gonotheca to 
right of g, ends of preserved polyps at p,p,p, and gonothecal polyp at gp, X12. Henryhouse 


shale, Falls Creek, Arbuckle Mountains, Okl 


a. 


mina iy aged vomerinus (Nicholson). 1, Stipe, X3; 2, part of stipe showing gonothecae 


to left o 


polyp at left of bp. Niagara limestone, side of cana 


g,g, autothecal polyps at p,p, adjacent to gonothecal polyps at gp,gp, and bithecal 
r 


southwest of Chicago. 


E1,2—Glossograptus quadrimucronatus (Hall). 1, Part of stipe, X3; 2, part of stipe showing auto- 
thecal polyps at », and gonothecal gelyp at gp, X12. Viola limestone, West Spring Creek, 
kla. 


west end of Arbuckle Mountains, 


F1,2— Mastigograptus ep Decker. 1, Part of colony, X2; 2, part of a stipe gem | 


gonotheca at g, and curv 
side Crusher 6 


bithecal polyp at ~, X12. Arbuckle limestone, Deepkill, sout 
uarry, Arbuckle Mountains, Okla. 


G1,2—Lasiograptus (Hallograptus) bimucronatus (Nicholson). 1, Narrow stipe with numerous 
broken sacs at side, X1; 2, part of stipe with sac out at right and female gonotheca imbedded 
in middle of stipe at g, X6. Normanskill shale, Am. Muc. Nat. Hist., New York. 

H1,2—Lasiograptus Mar ag bimucronatus (Nicholson). H1, Specimen shorter and broader 


than G1, borrowed from 


mithsonian Institution and showing two gonothecae, X2; 2, stipe 


showing sac at s and gonothecae at g,g. Ordovician shale, Bailey quad., Idaho. 
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REGENERATION IN A PENNSYLVANIAN CRINOID SPINE 
DONALD E. HATTIN 


Indiana University, Bloomington 


ABSTRACT—A spinose axillary primibrach of Delocrinus wolforum that shows fea- 
tures of regeneration is described and illustrated. Thin-section study clearly demon- 
strates structural discontinuity in the spine that is attributed to regenerative 


processes. 


INTRODUCTION 


ype writer has sectioned a remarkable 
crinoid plate that furnishes clear evi- 
dence of regeneration in a discrete skeletal 
element. The plate, a spine-bearing axillary 
primibrach of Delocrinus wolforum Moore 
& Plummer (1939, p. 278), was collected 
from the Finis shale of the Upper Penn- 
sylvanian Graham group in a railroad cut 
approximately four miles southeast of Jacks- 
boro, Texas. A break partially repaired by 
physiologic processes near the spine tip is 
indicated by abrupt thinning (Pl. 98, figs. 
1,2); regeneration was well advanced at the 
time of the animal’s death. Reichensperger 
(1912, p. 59) showed that regeneration is a 
lengthy process; the accident that caused 
breakage probably did not result in death. 

Tabulated measurements in millimeters 
of the Delocrinus plate follow: 

Length (overall) 

Length (regenerated part) 


Spine breadth (proximal to break) 
Spine breadth (distal tip) 


Study of internal structure was accom- 
plished by sectioning the spine longitudinally 
in a horizontal plane passing through the 
entire length of the spine. 


CRINOID REGENERATION 


Regeneration among the Echinodermata 
is well documented and experimental regener- 





ation of modern crinoids has been demon- 
strated by several workers, notably Reichen- 
sperger (1912) and Przibram (1901). Cuénot 
(1948, p. 40) states that pinnules, arms, 
broken cirri, and even visceral sacs in cri- 
noids regenerate readily. Hyman (1955, p. 
108) remarks that crinoid arms which are 
cast off when grasped or subjected to ad- 
verse ecological conditions are quickly re- 
generated. It is noteworthy that in regenera- 
tion experiments the arms and cirri break 
off at joints between skeletal elements; how- 
ever, Reichensperger (1912, p. 59) cut cirri 
through articulations and cirrals. He dis- 
covered that regeneration was more likely 
in the former case; of 170 partially ampu- 
tated cirri, eight regenerated from the 
articulating facet, only one from the broken 
surface of a cirral plate. Regeneration of 
the latter, as judged from Reichensperger’s 
sketch (1912, pl. IV, fig. 6), involved devel- 
opment of several new cirrals, none ap- 
pearing structurally related to the broken 
skeletal element. Microstructural studies 
were not conducted during these experi- 
ments. Among modern crinoids autotomy of 
arms usually takes place at syzygies ac- 
cording to Hyman (1955, p. 108) and Cuénot 
(1948, p. 39). 

Regeneration of arms among fossil cri- 
noids is mentioned, but not described, by 
Foerste (1893, p. 270). Springer (1920, p. 


EXPLANATION OF PLATE 98 


Fics. 1-6—Delocrinus wolforum Moore & Plummer. Axillary primibrach showing regeneration of spine 
tip (I.U. 5484). 1, Adoral view showing surface granulation characteristic of species, X34. 
2, Lateral view, X3}. 3, Enlarged view of thin section in area of repaired break, X20; dark 
areas are limonite; outlined portions show location of figures 4 and 5. 4, Photomicrograph in 
area of break showing change in microstructural orientation, X47. 5, Photomicrograph of 
peripheral area of spine showing normal orientation of microstructure, X47. 6, Photo- 
micrograph of regenerated portion of spine showing microstructural orientation and axial 


canal, X47. 
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402) cites a case of regeneration in Taxo- 
crinus colletti White wherein the entire 
crown broke off except for infrabasals and 
one basal. Recuperation, as he calls it, 
occurred in such a way that six arms re- 
sulted; there is, however, no indication that 
individual plates were broken. Whitfield 
(1904, p. 471) describes a specimen of 
Barycrinus hoveyit Hall which had regener- 
ated an arm and armlet above a break 
which occurred at the distal articulation of 
an axillary element. He (Whitfield, 1904) 
mentions a specimen of Platycrinus strio- 
brachiatus Hall in the collection of the 
American Museum of Natural History that 
“shows a break or injury to many of the 
arms preserved on the specimen, the arms 
above the injured part being not only con- 
siderably smaller than below, but at the 
break are offset, as if they had been dis- 
jointed and had not grown in direct con- 
tinuation with the part below.” The cited 
examples indicate that recognizable regener- 
ation among fossil crinoids involved break- 
ing between rather than through plates. 
Modest search of crinoid literature reveals 
that references to crinoid regeneration lack 
mention of individual plate repair; for this 
reason the specimen described below is of 
particular interest. 


MICROSTRUCTURAL STUDY 


Crinoid skeletal microstructure comprises 
a meshwork of minute calcite rods that 
present, in the outer parts of the plates at 
least, a quite orderly appearance in thin 
section. In living crinoids the endoskeleton 
is produced by and contained in the dermis 
(Hyman, 1955, p. 48). Repair of injuries to 
discrete skeletal plates, or regeneration of 
lost or broken skeletal parts, must be ef- 
fected by activity of the dermis that oc- 
cupies the meshwork interstices through- 
out life. 

Microscopic examination of the specimen 


in question reveals a somewhat irregular 
break in the region of the spine where abrupt 
tapering commences. Microstructural dis- 
continuity at the break is emphasized when 
the spine is viewed under crossed nicols. 
Changes in meshwork orientation resulting 
from regeneration of the spine tip are shown 
in Plate 98, figures 3 and 4. The more solid 
part of the regenerated tip encloses an ir- 
regular tube or canal that commences at the 
break. Because such a canal does not exist 
in the original part of the spine, the canal 
is obviously a peculiarity resulting from the 
mode of regeneration. 

Microstructural orientation (pl. 98, fig. 6) 
indicates that during regeneration growth 
proceeded distally and outwardly from the 
central canal. The writer has concluded that 
the central canal is a conduit through which 
streamed cells of the dermis that played an 
active role in spine regeneration. 
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PEDRO BASIN, CALIFORNIA* 
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ABSTRACT—Statistical analyses were made of available data of the living benthic 
mollusks reported in the San Pedro Basin of southern California. Dominant mol- 
luscan faunas are recognized for beaches, lagoons, and for nine bathymetric zones 
between depths of 27 and 2994 feet. Dominant species are those amounting to two 
percent or more of the total living benthic population in at least one of the bathy- 
metric zones. Gastropods are most abundant in lagoons, and in the shallowest and 
deepest samples of the offshore zones. Pelecypods are abundant in beach sands and 
down to depths of 1800 feet and of diminishing importance below. Scaphopods are 
of minor importance throughout the zones investigated. Amphineurans become 
progressively more abundant with depth. Cephalopods are of no significance. 
Other general trends are: (1) species are most numerous in the central region of 
the continental shelf; (2) specimens per sample are most numerous on the outer part 
of the shelf and in the upper bathyal zone; (3) the maximum number of species per 
genus occurs in the upper bathyal zone; (4) the maximum number of specimens per 
species occurs at depths of about 1500 feet; and (5) less than 30 percent of the sam- 
ples lack live specimens above sill depth (2418 feet), whereas 76 percent of the sam- 


ples are without living specimens below sill depth. 





INTRODUCTION 


OLLUSCAN data for the San Pedro Basin 
area were studied in order to show the 
dominant or significant molluscan trends 


there. Methods of analyses approximate the 
statistical analyses being ‘used in forami- 
niferal ecology. These methods are especially 
useful in developing quantitative values that 
have application to problems of paleoecol- 
ogy. The San Pedro Basin, located between 
Santa Catalina Island and the mainland 
(Text-fig. 1), is one of more than a dozen de- 
pressions in the continental borderland off 
southern California (Emery and Ritten- 
berg, 1952). The basin has a maximum 
depth of 2994 feet with a sill at 2418 feet at 
the south end. 

The sill depth of the San Pedro Basin 
occurs near the depth of the oxygen mini- 
mum in the open ocean and is a principal 
factor in explaining the very low oxygen 
content (0.2 ml./1) in the bottom waters of 
the basin, which in turn inhibits the devel- 
opment of populations in that region (Em- 
ery, personal communication). Rapidly de- 
creasing values of oxygen and temperature 


* This study represents Contribution No. 220 
of the Allan Hancock Foundation, University of 
Southern California, Los Angeles, California. 


at depths less than 480 feet correlate with 
rapidly changing faunas there and contrast 
with more gradual changes in environ- 
mental factors and faunas below this depth. 

In recent years an extensive quantitative 
survey of the benthos of the San Pedro 
Basin was made by Dr. Olga Hartman 
(1955). In this monumental piece of work, 
she recorded the biological components of 
267 samples collected in the basin. Wilson 
(1956) has since completed an important 
catalogue of the living benthic molluscan 
species of the basin samples collected by 
Hartman. Another important contribution 
to the molluscan information of the San 
Pedro area was made by Alex Clark in a 
in a paper by Natland in which the depth 
ranges of living and dead mollusks were 
given (1957). Wilson presented numbers of 
live specimens, whereas Clark presented 
occurrences as abundant, common, and rare 
for both live and dead specimens. Clark also 
showed the occurrence of Pleistocene rep- 
resentatives of modern species in selected 
Pleistocene strata of southern California, 
suggesting environments of deposition of the 
fossil assemblages. Other interesting and 
significant papers include those of Woodring 
(1938), Woodring, Bramlette, and Kew 
(1946), Valentine (1955), and Rodda (1957) 
in which the ecology of modern mollusks 
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served as a basis for interpreting conditions 
of deposition of Tertiary and/or Quaternary 
strata of southern California. Many other 
references to modern mollusks and their 
environmental significance in paleoecology 
are given in the Treatise on Ecology and 
Paleoecology (Ladd, 1957). 

The methods of collecting samples, sam- 
pling difficulties, procedures of handling 
and processing the collections are described 
by Hartman (1955). Suggestions and help- 
ful criticism were given by Dr. K. O. 
Emery and Dr. N. T. Mattox of the Uni- 
versity of Southern California. 


FAUNAL ANALYSES 


Faunal analyses of the benthic mollusks 
of the San Pedro Basin area are patterned 
after the methods used by Bandy and Arnal 
(1957) for the foraminiferal biofacies off the 
west coast of Central America. Relative 
abundance is considered to be of major sig- 
nificance in defining depth zonation and 
biofacies in general. Even though many 
individual species are sporadic in occurrence, 
by combining abundances statistically, 
rather dependable zonations may be demon- 
strated. Dominant faunas are made up of 
dominant species which are those species 
that comprise at least two percent of the 
specimens in one of the zones. 

Lagoon and Beach Faunas.—Clark listed 
20 living species in both lagoonal and beach 
environments; however, eleven species were 
noted as abundant in lagoons, and nine 
species as abundant in beach sands. In the 
absence of statistical data it is assumed that 
the species listed as abundant would com- 
prise the dominant fauna in the San Pedro 
area (Table 1). Among the pelecypods, 
Chione, Tagelus and Anomia represent the 
lagoonal fauna. Species abundant in both 
lagoons and beaches are Ostrea lurida, 
Pecten circularis and Venerupis staminea. 
Dominant beach species are members of the 
genera Amiantus, Donax, Macoma, Schizo- 
thaerus and Tivela. Among the gastropods, 
it is patent that species of Nassarius and 
Melampus dominate the lagoons whereas 
Neverita reclusiana is the only dominant 
species in beach sands. 

Dominant Offshore Faunas.—Wilson re- 
corded the benthic mollusks in 267 samples 
of the San Pedro Basin between depths of 


TABLE 1—DOMINANT LAGOONAL AND BEACH 
MOLLUSKS LIVING IN THE SAN 
PEDRO REGION 


Data from Alex Clark, 1957 


Beach 








Pelecypoda Lagoon 





Lagoonal Species 
Anomia peruviana d’Orbigny 
Chione fluctifraga (Sowerby) 
Chione succincta (Valenciennes) 
Chione succincta undatella (Sow- 

erby) 
Tagelus californianus (Conrad) 


Lagoonal and Beach Species 
Ostrea lurida Carpenter 
Pecten circulari Sowerby 
Venerupis staminea (Conrad) 


Beach Species 
Amiantus callosa (Carpenter) 
Donax gouldi Dall 
Macoma nasuta (Conrad) 
Schizothaerus nuttallit Conrad 
Tivela stultorum (Mawe) 





Gastropoda 





Lagoonal Species 
Melampus olivaceous Carpenter 
Nassarius fossatus (Gould) 
Nassarius tegulus (Reeve) 


Beach Species 
Neverita reclusiana (Deshayes) bs A 





(A—Abundant; C—Common; R—Rare.) 


27 and 2994 feet (1956). Nine depth zones 
were established in the present analysis and 
the number of live specimens of each species 
was determined for each of the depth zones, 
using Wilson’s data. Numbers of specimens 
for each of the species were then converted 
to percentages of the total zone population 
for each of the zones (Table 2). The species 
are grouped into the Pelecypoda, Gastro- 
poda, Scaphopoda, Cephalopoda and Am- 
phineura, respectively. Within each of these 
groups the species are arranged in order to 
progressive depth of occurrence. Amphi- 
neurans were represented by none of the 
chitons. 

Species in shallow water have more re- 
stricted ranges than do those of deeper 
waters. For this reason, the depth categories 
are very narrow in shallow water and pro- 
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TABLE 2—RELATIVE ABUNDANCE OF LIVE MOLLUSKS IN BOTTOM SAMPLES OF THE SAN PEDRO Basin 


(Abundance is expressed as percentage of live benthonic mollusk population; 
X =less than one percent) 








Depth in Feet 





Species 27- 48- 120- 240- 480- 720- 1200- 1800- 2400- 
48 120 240- 480 720 1200 1800 2400 2994 





A. PELECYPODA 1 
Tellina buttoni Dall 28 x 

Compsomyax subdiaphana (Carpenter) 15 
Protothaca tenerrima (Carpenter) 

Macoma yoldiformis Carpenter) 

Lucinoma annulata (Reeve 


WN 


— 





Nuculana taphria (Dall) 
Rochefortia tumida Carpenter 
Macoma indentata Carpenter 
Cooperella subdiaphana (Carpenter) 
Tellina idae Dall 


me KK me OD 





Solen rosaceus Carpenter 
Tagelus californianus (Conrad) 
Spisula planulata (Conrad) 
Stliqua lucida (Conrad) 
Nucula linki Dall 


X w 





Solemya panamensis Dall 

Tellina carpenteri Dall 

Parvilucina tenuisculpta (Carpenter) 
Solamen columbianum (Dall) 
Thracia trapezoides Conrad 





Lima subauriculata Montagu 

Cardita redondoensis Burch 

Modiolus neglectus Soot-Ryan 

Periploma discus Stearns 

Trachycardium quadragenarium (Con- 
rad) 


Pitar newcombiana (Gabb) 

Linga richthofeni (Gabb) 
uipecten circularis aequisulcatus 
Carpenter) 

Solemya volvulus Carpenter 

Grippina californica Dall 





Mme MKT K KKXKX I Kronmwa 





Leptopecten latiauratus monotimeria 
(Conrad) 

Thyasira barbarensis Dall 

Cardiomya pectinata (Carpenter) 

Axinopsis sericatus Carpenter 

Nucula carlottensis Dali 


se ea oe 





x 


Lyonsia californica Conrad 
Nemocardium centifilosum (Carpenter) 
Lima dehiscens Conrad 

- Thyasira trisinuata d’Orbigny 





Saxticava artica (Linnaeus) 
Verticordia ornata d’Orbigny 
Pseudopythina compressa Dall 
Pecten diegensis Dall 

Glycymeris subobsoleta Carpenter 
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TABLE 2—Continued 





Depth in Feet 


Species 27- 48 120- 240- 480- 720- 1200- 1800- 2400- 
48 120 240 480 720 1200 1800 2400 2994 








Adontorhina cyclica Berry 13 x x 1 1 
Cuspidaria apodema Dall x 

Amygdalum pallidulum (Dall) 1 1 1 
Macoma incongrua (Martens) 

Nuculana hamata (Carpenter) x 





Tellina bodegensis Hinds 

Aligena sp. 

Cyclopecten vancouverensis (Whiteaves) 
Nucula cardara Dall 

Nucula qutrica Dall 

Acila castrensis (Hinds) 
Yoldia scissurata Dall 
Tellina meropsis Dall 
Cyrilla munita Carpenter 
Saxicavella artica Dall 








Saxicavella pacifica Dall 

Delectopecten randolphi tillamookensts 
(Arnold) : 

Nucula tenuis (Montagu) 

Nuculana minuta (Fabricius) 

Dacrydium sp. 


me X 





Crenella decussata (Montagu) 
Nuculana conceptionis (Dall) 
Nucula sp. 

Macoma sp. : 
Xylophaga washingtonia Bartsch 


Sx xX 





Dermatomya tenuiconcha (Dall) 
Tindaria californica Dall 
Lyonsiella sp. 

Rochefortia sp. 

Kellia suborbicularis (Montagu) 


XXX 





X ylophaga mexicana Dall 
Lyonsiella alaskana Conrad 
Yoldia sp. 

Cyclopecten sp. 





B. GASTROPODA 

Odostomia sp. 

Halistylus subpupoides (Tyron) 
Turbonilla sp. 

Balcis rutila (Carpenter) 
Cylichna diegensis Dall 








Aglaja sp. 

Acteon punctocoelata (Carpenter) 
Olivella baetica Carpenter 
Crepidula adunca Sowerby 
Crepidula aculeata (Gmelin) 








Nassarius fossatus (Gould) 
Volvulella tenuissima Willett 
Elaeocyma halocydne Dall 
Burchia redondoensis (Burch) 
Epitonium tinctum (Carpenter) 
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TABLE 2—Continued 





Depth in Feet 





Species 27- 48- 120- 240- 480- 720- 1200- 1800- 2400- 
48 120 240 480 720 1200 1800 2400 2994 





Sinum scopulosum (Conrad) 
Nassarius perpinguis (Hinds) 
Polinices reclusiana (Deshayes) 
Crepidula nivea Adams 
Forreria belcheri (Hinds) 


x 


Me tig Fh ee 








Crepidula excavata Broderip 
Ophiodermella incisa (Carpenter) 
Balcis micans (Carpenter) 

Eulima californica (Bartsch) 
Micranellum crebricinctum (Carpenter) 


Bs TS eke 








Balcis oldroydi (Bartsch) 
Mangelia variegata Carpenter 
Eolids 

Conus californicus Hinds 
Polinices lewisii (Gould) 


KK MK see vee 








Acteocina culcitella (Gould) 
Pterynotus carpenteri (Dall) 
Amphissa versicolor Dall 
Calyptraea fastigiata Gould 
Volvulella californica Dall 








Megasurcula carpenteriana (Gabb) 
Fusinus arnoldi (Cossmann) 
Ampbhissa undata (Carpenter) 
Nassarius insculptus (Carpenter) 
Haminoea virescens (Sowerby) 








x | xXXxKXKX | XK 


Solariella peramabilis Carpenter 
Nitidella permodesta Dall 
Bittium catalinensis Bartsch 
Fusinus kobelti (Dall) 

Cyclichna alba (Brown) 


_— 





Boreotrophon scitulus (Dall) 
Cidarina cidaris (Carpenter) 
Admete californica Dall 
Ambhissa bicolor Dall 

Dorid 





Alabina tenuisculpta (Carpenter) 
Leptogyra sp. 

Borsonella dalli Arnold 

Natica clausa Broderip & Sowerby 





mes DnnoO = wD 


C. SCAPHOPODA 

Cadulus fusiformis Pilsbry & Sharp 

Dentalium neohexagonum Pilsbry & 
Sharp 

Dentalium rectius Carpenter 

Cadulus tolmiei Dall 





D. CEPHALOPODA 
Octopus 
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Species ) 7 


48— 
48 120 


TABLE 2—Continued 


Depth in Feet 


120—- 240- 480-— 720— 1200- 1800— 2400- 
240 480 720 1200 1800 2400 2994 





E, AMPHINEURA 

Chaetoderma sp. 

Lepidozona catalinensis Willett 
Limifossor 

Lepidopleurus nexus Carpenter 
Neomeniinid 


1 3 4 27 30 


1 2 4 
1 





TOTAL SPECIMENS COLLECTED FOR EACH 
DEPTH ZONE 145 
NUMBER OF SAMPLES COLLECTED FOR 


EACH DEPTH ZONE 9 28 


NUMBER OF SAMPLES WITHOUT LIVE 
MOLLUSKS 


568 


435 815 340 418 
12 21 11 22 42 


1 12 





gressively broader in scope with depth. The 
first three zones embrace the 27—240 foot 
interval which spans most of the continental 
shelf (Emery, 1957). The next five zones 
embrace the bathyal zone about sill depth 
(240-2400 feet), and the last and deepest 
zone represents the region largely below sill 
depth (2418 feet) which is the impoverished 
area of Hartman (1955). 

Five general trends are significant (Text- 
fig. 2). The number of species increases from 
20 in the beach samples to 26 in the first 
offshore zone, to a maximum of 60 species 
in the central area of the shelf, and then de- 
creases into deeper water zones. The maxi- 
mum number of species occurs on the middle 
and outer part of the continental shelf and 
in the upper bathyal zone. The fewest 
species occur in the closed part of the San 
Pedro Basin. A second general trend is that 
of specimen abundance which is given as 
specimens per sample. Almost twice as many 
specimens per sample occur on the outer 
shelf and in the upper bathyal zones as in 
the shallowest and deeper zones. A third 
general trend is reflected in the percentage 
of samples without live mollusks. Less than 
five percent of the samples collected at 
depths shoaler than 1200 feet lacked living 
mollusks, whereas between ten and 30 per 
cent of the samples lacked live mollusks be- 
tween 1200 and 2418 feet. Below 2418 feet 
(sill depth), 76 percent of the samples were 
without live mollusks in the impoverished 


area there. Bio-indices trends represent the 
fourth and fifth parameters. The number of 
specimens per species averages less than ten 
on the shelf, attains values of more than 
nineteen at a depth of about 1500 feet, and 
declines to about eight below sill depth. The 
number of species per genus presents a curve 
closely paralleling that of specimens per spe- 
cies with the exception that the maximum 
value occurs at depths of less than 480 feet. 
Except for number of species, all maximum 
values for the indicated parameters occur in 
the upper and middle bathyal zone. Species 
are most numerous between the surf zone 
and the edge of the shelf. 

Dominant pelecypod and gastropod fau- 
nas are summarized in Table 3. Dominant 
faunas of the remaining groups are readily 
seen in Table 2. These dominant faunas are 
thought to be of particular significance for 
purposes of paleoecology in that these re- 
flect optimum molluscan-environment as- 
sociations. There is more uncertainty that 
species with only rare occurrences are de- 
pendable indices of the zones from which 
they are collected. Among the pelecypods, 
30 species make up nine dominant faunas as 
analyzed by the present approach. About 
twice as many species comprise the domi- 
nant faunas of the shoal zones as compared 
with the deeper zones. The gastropods 
present only five faunas composed of thir- 
teen species. Six species constitute the 
dominant members of the second gastropod 
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TEXT-FIG, 2—General molluscan and environmental bathymetric trends of the San Pedro Basin, 
California, with values averaged for midpoints of depth zones ®. 


fauna and only two dominant species occur 
in the deepest fauna (Fauna 5). 

Of four scaphopods, three are dominant, 
reflecting three depth zones of 48-240 feet 
(Cadulus fusiformis), 240-480 feet (Den- 
talium rectius), and 720-2994 feet (Cadulus 


tolmiet), (Table 2). Cephalopods were insig- 
nificant, being represented by one Octopus. 
The amphineurans were represented by 
three dominant species; however, Chaeto- 
derma sp., a soft-bodied member, is the most 
prominent species and although it is dis- 
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TABLE 3—DOMINANT BENTHONIC MOLLUSKS WITH VALUES OF OCCURRENCE IN PERCENTAGE OF 
LIVING BENTHONIC MOLLUSKS. X =LESS THAN ONE PERCENT* 








Water Depth in Feet 


Dominant Species 27- 48 120- 240- 480- 720- 1200- 1800- 2400- 
48 120 240 480 720 1200 1800 2400 2904 








A. Dominant Pelecypod Faunas 
Fauna 1 
Compsomyax subdiaphana 15 k 2 
Lucinoma annulata 4 4 
Macoma yoldiformis 5 
Protothaca tenerrima  f 
Tellina buttont 28 


x 





Fauna 2 
Nuculana taphria 
Parvilucina tenuisculpta 
Solamen columbianum 
Solemya panamensis 
Solen rosaceus 
Thyasira barbarensis 


ix tMaw 


| 
| 
| 








Fauna 3 
Axinopsts sericatus 
Lyonsta californica 
Nemocardium centrifilosum 
Nucula carlottensts 


one un 





Fauna 4 
Adontorhina cyclica 
Aligena sp. 

Amygdalum pallidulum 
Yoldta scissurata 
Psephidea ovalist 





Fauna 5 
Acila castrensis 
Cyrilla munita 
Tellina carpenter 





Fauna 6 
Cardita redondoensis 
Saxicavella pacifica 
Glycymeris corteziana t 








Fauna 7 
Dacrydium sp. 
Nuculana conceptionis 





Fauna 8 
X ylophaga washingtonia 








Fauna 9 
Kellia suborbicularis 
Rochefortia sp. 
Xylophaga mexicana 





B. Dominant Gastropod Faunas 





Fauna 1 
Halistylus subpupoides 





* Summary from Table 2. 
+ Living species from Clark (1957). 
(Continued on next page) 
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TABLE 3—Continued 





Water Depth in Feet 





Dominant Species 27- 


48 


48-— 
120 


120- 
240 


1200— 1800-— 2400- 
1800 2400 2994 


240- 
480 


480—  720- 
720 = 1200 





Odostomia sp. 15 
Turbonilla sp. 5 


>_> 





Fauna 2 
Balcis rutila 1 
Cylichna diegensis 1 
Epitonium tinctum 
Micranellum crebricinctum 
Volvulella californica 
Volvulella tenuissima 


to AIH Ww 





Fauna 3 
Bittium catalinensis 





Fauna 4 
Amphissa bicolor 











Fauna 5 
Leptogyra sp. 
Nitidella permodesta 





tributed from shallow to deep water, there 
is a notable increase from less than ten per- 
cent of the benthic mollusks in shallower 
waters to 27 percent or more below depths 
of 1800 feet. 

A comparison of the dominant biofacies 
presented herein with the population data of 


Mattox (1955) for the Redondo Canyon, 


area to the north of the San Pedro Basin 
shows excellent correlation with the excep- 
tion that Mattox found Macoma incongrua 
abundantly represented at a depth of 1368 
feet. There it made up 62 percent of the 
molluscan population, whereas in the present 
analysis it was rare between depths of 240 
and 1800 feet. The depth range was con- 
sistent, but the abundance is discordant. 
Other apparent anomalies in the dominancy 
of this study are represented in Clark’s 
. chart (1957). He plotted an abundance of 
Psephidea ovalis between depth of 246 and 
656 feet, whereas Wilson did not report this 
species. Clark also reported an abundance of 
Glycymeris corteziana at 1148 feet and this 
species too was not found in the samples 
examined by Wilson. These exceptions are 
added to Table 3A. 

An abundance of Cyclopecten shells in the 
the bottom area of the San Pedro Basin is 
not reflected in the living populations there 





4 4 15 





(Wilson, 1956). These may represent a 
relic accumulation or perhaps the ability of 
these mollusks to swim enables the majority 
of them to escape the sampler. Gorsline 
(personal communication) reports that 
Cyclopecten is the only common mollusk 
in the cores of the basin floor. 

Generalized relationships of all the ben- 
thic mollusks may be best demonstrated in 
a cumulative frequency diagram (Text-fig. 
3). Here the pelecypods are seen to represent 
60 per cent of all benthic mollusks down toa 
depth of 1800 feet and rapidly diminish to 
less than 20 percent below the sill depth of 
the basin. Gastropods are of major impor- 
tance in depths of less than 240 feet and 
more than 1800 feet. From the standpoint 
of mollusks with shells, the gastropods are 
the most important forms in deeper water, 
comprising as much as 45 per cent of the 
benthic mollusks below the sill of the San 
Pedro Basin. The scaphopods maintain 
relatively minor percentages throughout 
the depth zones, amounting to eighteen per- 
cent or more in only two zones, 120-480 feet 
and 1200-1800 feet (Text-fig. 4). Amphi- 
neurans, represented principally by the 
dominant species Chaetoderma sp., comprise 
thirteen percent or less of the benthic 
population above depths of 1800 feet and 
























ent a 
lity of 
jority 
rsline 

that 
ollusk 


- ben- 
ted in 
x t-fig. 
‘esent 
ntoa 
ish to 
th of 
npor- 
t and 
point 
Ss are 
rater, 
f the 
> San 
ntain 
rhout 
| per- 
) feet 
aphi- 

the 
prise 
ithic 
and 





MOLLUSCAN FAUNAS OF SAN PEDRO BASIN 713 


more than 30 percent of the total benthic 
mollusks below this depth. 

Sediment type plays an important part in 
the development of colonies within the 
bathymetric zones. The most significant 
control of this type is that of sand versus 
mud in the offshore zones. Within the 27-48 
foot zone Compsomyax subdiaphana was 
collected mainly from mud bottoms and 
this same species is known in fossil form from 
mudstones and siltstones of the Pleistocene. 
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TExtT-FIG. 3—Composite frequency distribution 
of living benthonic mollusks in the San Pedro 
Basin, California. Values are computed for 
depth zones and plotted from midpoint to mid- 
point. Midpoints are designated with the sym- 
bol @. Dominant pelecypod and gastropod 
faunas plotted from data in Table 3. Non- 
dominant species represented by crosshatched 
areas. 
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TEXT-FIG. #—Cumulative frequency distribution 


of dominant living scaphopods in the San Pedro 
Basin, California. Values are computed for 
depth zones and plotted from midpoint to mid- 
pons, Midpoints are designated with the sym- 
bol @. 
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Tellina button exhibits the reverse relation- 
ship by predominating on sandy bottoms 
in the same depth zone as Compsomyax. 
Most of the other species of deeper zones 
were reported from both mud and sandy 
muds. Sediment designations in Text-figure 
2 were provided by Mr. Donn Gorsline, 
Allan Hancock Foundation, from studies 
he is making of the basin sediments. 


CONCLUSIONS 


1. Dominant faunas are established in an 
environmental framework that offers useful 
quantitative parameters for the interpreta- 
tion of paleoenvironments. Diversified and 
abundant molluscan faunas are generally 
most characteristic of depths between 120 
and 720 feet in the San Pedro Basin, al- 
though abundant specimens of relatively 
few species may occur shoaler and somewhat 
deeper than this range. 

2. Environmental controls are highly 
diversified. The distinction between lagoonal 
and beach faunas is probably due to at least 
the differences in: (1) sediment character- 
istics; (2) water movements; (3) pH; (4) 
oxygen content; (5) salinity; and (6) toxic 
products of decay in some lagoons. 

3. Offshore benthonic faunas inhabit a 
rather uniform environment in which the 
principal interrelated bathymetric controls 
are: (1) decrease in the amount of tempera- 
ture variation with depth and the general 
temperature gradient; (2) oxygen variation 
and gradient; (3) variation in the amount 
of light and related changes in the green 
plant populations, both pelagic and ben- 
thonic; (4) changes in pressure and density; 
(5) changes in turbidity; and (6) character 
of the substrate. Temperature and oxygen 
characteristics are directly related to meta- 
bolic rates and requirements of the fauna. 
Light intensity determines the character and 
quantity of green plants which is in turn 
related to the production of oxygen. The 
plants serve directly or indirectly as food for 
the fauna. Pressure variation controls the 
solubility of gases such as oxygen and 
carbon dioxide, thus being related to oxygen 
content and the solubility of calcium bi- 
carbonate. The latter may determine or 
modify the ability of species to secrete 
calcium carbonate shells. Turbidity is sig- 
nificant in reducing light penetration, and 
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the substrate is important relative to the 
living habits of the molluscan population. 

4. Species of the same genus may exhibit 
striking contrasts in adaptation. For ex- 
ample, Tellina buttont is abundant at depths 
of less than 48 feet and T. carpenteri is most 
abundant between depths of 480 and 1800 
feet. Nuculana taphria is most abundant 
between 48 and 120 feet and N. conceptionis 
is characteristic of the 1200 to 1800 foot 
zone. Several other examples of this type of 
variation are apparent. 
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1 re ABsTRACT— There is an obvious pattern of relationship between a fossil assemblage 
and its enclosing rock. This relationship reflects the physical and organic environ- 

indant ment at the site of deposition, the destruction and removal of certain elements of 

ptionis the fauna, the introduction of exotic hard parts, and the speed of burial of the as- 

0 foot semblage and its passage through the diagenetic realm. Although the requisite 


lithologic data are seldom recorded in paleontologic literature it is possible to make 
a rough tally by geologic systems of the number of literature references to certain 
taxonomic groups reported as occurring in definite lithologic associations. Some 
25,000 tallies were compiled for the present report and are presented in the form of 
bar diagrams showing the percentage of each taxonomic group reported in each 
lithologic type in each of the systems investigated. The compiled data reveal a 
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my a systematic relationship which leads toward an empirical classification and which is 
Petro- susceptible to a number of tentative interpretations in terms of environmental 
2037- patterns. 
nb INTRODUCTION AND ACKNOWLEDGMENTS blages. Reference is commonly made to 
ITHOLOGIC associations among sedimen- “shale faunas,” “limestone assemblages,” 
somes | tary rocks have long been recognized as and the like. However, such knowledge is 
coil significant clues to interpretation of prevail- pes age confined 7 the na 
Early ing environments and tectonic states in de- U4! Workers taxonomic anc stratigraphic 
1 rela- positional basins and their contributing sphere of influence and is . eldom explicitly 
oleum source areas. Such interpretations have been %€* forth for the nonspecialist or for bio- 
a of based largely on the chemistry, mineralogy, stratigraphers | concerned with other sys- 
Cali- and texture of the rocks and the shapes of tematsc i or other areas and other 
Allan their constituent grains. Most geologic litera- > ap ac units. sad f 
jo. 1, ture bears little evidence of detailed attention ' So oe on age h et ter an 
init. to the relationships between paleontologic +95 3 ee eee sore yn - cr 
erica associations and their enclosing rock types » [ke writer wisnes to thask & Rumer 
although recent sign posts have pointed the of former students who aided materially in 
ative way (Volume 2 of the Treatise on Marine the compilation of the data presented here- 
asin, . . with: Edward Danehy (Silurian), Peter Vail 
wit Ecology and Paleoecology is filled with (D ink, Donal 4 i an issipian) 
excellent examples and the bibliography Svemeay, Une CP , — * r 4 
igra- lists many more. The Society of Economic James Forgotson, Jr. (Permian), — 
re in Paleontologists and Mineralogists held a Francis (Jurassic). Northwestern University 
| a symposium on the subject in 1954.) pont a ce nie vgn were 
Both of the major geologic functions of ™@@€ @vatlable to cover crating and manu- 
ther- paleontology, chronology and paleoecology, S°TPt costs. 
cene have been hindered by the unavailability 


, p. 


the 
Tea, 
y of 


nol- 
Ba- 
“on- 
190° 


EW, 
r of 
ur- 


of critical data and the absence of thought- 
ful evaluation of fossil-to-rock patterns. 
Errors of time-rock stratigraphy include the 
rejection of self-evident correlations and the 
acceptance of miscorrelations based on bio- 
stratigraphy more closely related to the dep- 
Ositional environment (lithotope) than to 
the time scale. Most experienced biostratig- 
raphers have an intuitive knowledge of the 
degree to which variations among lithotopes 
influence the qualitative and quantitative 
composition of the associated fossil assem- 


LITHOCONGRUENT FOSSILS 


If sufficient data bearing upon fossil-to- 
rock relationships were assembled it would 
be possible to categorize the commonly en- 
countered fossil forms in terms of their 
frequency of occurrence in specific rock 
types. The common association of certain 
fossils forms with a definite lithology would 
suggest that the same set of circumstances 
responsible for the formation of the rock 
type was also influential in governing the 
character of the enclosed fossils. In other 
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words, there may be all degrees of congruity 
between rocks and fossils, ranging from ex- 
treme incongruity (a Jurassic dinosaur frag- 
ment in a Tertiary marine limestone, for 
instance) to the cases of marked rock-fossil 
association detailed below. 

The term “‘facies fossil’’ has been applied 
to forms which appear to be confined to a 
limited lithologic setting but the term has 
distinct genetic implications to some workers 
and has been usefully applied in studies of 
the geographic distribution of biofacies by 
others. The present writer is concerned with 
an objective, semi-statistical identification 
of those fossil forms that are demonstrably 
and predictably associated with particular 
lithologies. It is proposed that such fossils 
be called lithocongruent to distinguish them 
from forms which appear to be broadly in- 
dependent of a wide variety of depositional 
and post-depositional circumstances and 
lack any obvious congruity with their rock 
associations. 


APPROACHES TO LITHOCONGRUENT 
CLASSIFICATION 


Ecologic.— Modern ecologic investigations 
such as those growing out of current studies 
along the Gulf Coast make possible a ra- 
tional classification of organisms in terms 
of the depositional environments with which 
they are associated. Two factors, however, 
operate to weaken the usefulness of a classi- 
fication based on the ecology of modern seas. 
In contrast to ancient inorganic sediment to 
which may be applied many of the principles 
developed from recent sediment studies, 
fossils represent organisms which have 
evolved through geologic time not only in 
morphologic terms but also with respect to 
their relationships with depositional en- 
vironments. As a result, the confidence 
which may be placed on environmental in- 
terpretation of a fossil based on the behavior 
of a modern counterpart decreases exponen- 
tially with departure from the present. 

Even more significant is the distinction 
between a living population and the burial 
assemblage as found preserved in the rocks. 
In order to be as objective as possible the 
classification here proposed requires analysis 
of the entire fossil assemblage. This will in- 
clude not only the remains of forms indig- 
enous to the depositional interface of the 
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lithotope concerned but also the remains 
and moults of planktonic and pelagic forms 
floating and swimming above the deposi- 
tional surface, and the remains of organisms 
transported after death to the burial site. 
Thus, lithocongruent classification depends 
only partly on the environment of deposi- 
tion and is strongly influenced by such fac- 
tors as speed of burial, mechanical energy 
release at the interface, chemical conditions 
at the interface and in the diagenetic realm 
below, degree of isolation from neighboring 
lithotopes and biotopes, direction of prevail- 
ing currents, etc. Ultimate interpretation 
requires the sorting out of these factors, but 
the classification itself is not dependent on 
interpretation. These complexities of analy- 
sis have been recognized for some time and 
treated by subjective methods. Recent work 
by Miller & Olson (1955) explores quantita- 
tive methods of segregating those sedi- 
mentary and paleontologic criteria that are 
relatively unchanged by passage through 
the ‘‘time-diagenetic zone’’ from those sub- 
ject to modification. 

Statistical measures——The application of 
controlled statistical design to the gathering 
and treatment of numerical data on fossil 
assemblages and their lithologic associations 
holds a promise that has not yet been wholly 
realized but which offers considerable hope 
for the future. Progress has been made 
(Imbrie, 1955) but the obstacles to be over- 
come are formidable, at least where mega- 
fossils are involved. Aside from the ever- 
present questions of taxonomy there are 
problems raised by fragmentary specimens, 
the recovery of representative samples from 
the enclosing rock, the disposition of im- 
mature specimens, and so forth. Neverthe- 
less, it is the writer’s view that a rigorous 
statistical approach, arrived at through the 
numerical expression of paleontologic data 
will provide many of the answers to the 
questions under discussion. 

Compilation.—In the meantime, the liter- 
ature of paleontology and biostratigraphy 
contains tens of thousands of faunal lists 
with at least some passing mention of the 
associated lithology. The number of cases in 
which the specific associated rock is ade- 
quately described in lamentably small. Still 
less common are examples which present 
quantitative or even relative data on the 
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occurrence of the taxonomic entities listed. 
Nevertheless, while waiting from more 
valid data to appear from ecologic and 
statistical studies it is a profitable exercise 
to make a compilation from a sampling of 
the literature and determine whether ra- 
tional systematic results are obtainable. 


METHOD OF COMPILATION 


Basic assumptions.—ldeally, analysis of 
the degree of lithocongruity of fossil re- 
mains should rest on some weighted numer- 
ical expression of the numbers of individuals 
of each form present in a specific lithified 
sediment. In the absence of such data it is 
assumed that the number of literature 
references to a given taxonomic entity is a 
rough measure of the frequency of occur- 
rence of that entity. It seems reasonable to 
accept the premise that abundantly occur- 
ring forms will appear on almost all faunal 
lists and rare items will be recorded less 
frequently. 

In compilation of recorded paleontologic 
data it becomes unwieldy to tally sepa- 
rately the references to individual species 
or even genera. Moreover, such separation 
of treatment within related groups tends to 
compound the effects of taxonomic “‘split- 
ting”’ and obscures the association with rock 
types. It is assumed in the work reported 
here that closely related forms share a com- 
mon complex of tendencies which leads to- 
ward preservation in the same lithologic 
associations. Such ‘‘closely related” group- 
ings vary in taxonomic hierarchy from 
phylum to phylum depending on maturity 
of systematic studies, degree of susceptibil- 
ity to subdivision, and apparent validity of 
morphologic bases of taxonomy. In certain 
groups, such as gastropods arbitrary sub- 
division according to some gross morpho- 
logic feature appears to yield more systemat- 
ic results than grouping according to ac- 
cepted taxonomy. 

Tallying of data.—Separate tally sheets 
were prepared for Paleozoic and Mesozoic 
data, the chief differences being provision 
for greater detail among Paleozoic brachio- 
pods and Mesozoic pelecypods. Taxonomic 
subdivisions used are essentially those of 
Shimer and Shrock (1944). At the start of 
the work many finely discriminated group- 


ings were employed and these were gradually 


reduced as experience indicated significant 
patters of common lithocongruity. Separate 
tallies were kept on as many lithologic types 
as possible. These tallies were then con- 
solidated as dictated by: a) paucity of data, 
b) lack of precise identification of lithology 
(especially among carbonates), c) recogni- 
tion of nonsignificant differences. 

Biostratigraphic literature of the Paleo- 
zoic and Mesozoic systems (excepting Cam- 
brian and Triassic) was sampled, exhaus- 
tively in some cases and confined to certain 
areas and selected series in other cases. 
Wherever a faunal list with mention of 
associated lithology was encountered a tally 
was entered under the proper lithology and 
taxonomic grouping. The rare cases which 
present semi-quantitative evaluation of the 
frequency of occurrence were treated as 
follows: 

abundant: 
common: 
rare: 

On compilation of the tallies the results 
were expressed as percent-frequency dis- 
tribution and plotted as bar diagrams. These 
results are presented in text-figures 1-8. 
Some measure of the confidence limits of the 
plotted results can be gained from considera- 
tion of the number of counts involved as 
noted for each lithology. 


three tallies 
two tallies 
one tally 


ANALYSIS OF ASSOCIATIONS 


The accompanying diagramis illustrate the 
relationships among taxonomic groups and 
lithologic types in the several systems in- 
vestigated. It does not seem necessary to 
describe these relationships in detail; rather, 
the reader’s attention is directed to the 
diagrams with a few words to point out the 
more significant items. 

Ordovican.—Data compiled for the Ordo- 
vician diagram (Text.-fig. 1) were drawn 
from literature on the Cincinnatian Series 
of the Cincinnati Arch area and the margin 
of the Eastern Interior Basin. The extra- 
ordinary differentiation of Late Ordovician 
bryozoa, as reflected in faunal lists from 
certain rock types, tends to submerge the 
significance of other elements of the assem- 
blages. To counteract this tendency the per- 
centages in the lower three bar diagrams 
have been recomputed after eliminating the 
bryozoa from consideration and the re- 
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TExt-FIG. /—Frequency distribution of Upper Ordovician invertebrates in faunal lists from the Cin- 
cinnati Arch area. Dashed bars in lower portion of figure are percentages recalculated after elimina- 
tion of bryozoa. Numbers following lithologic designations on this and following figures indicate 


number of tallies involved in each bar diagram. 


computed percentages are indicated by 
dashed bars. 

One of the more surprising characteristics 
to emerge is the similarity between the fossil 
faunas in black shales and dolomitic lime- 
stones with their abundance of inarticulate 
brachiopods, mollusks, and graptolites; and 
their mutual relative poverty in bryozoa. 

Aside from the overwhelming numbers of 
bryozoa in the more normal shales and car- 
bonates, note the reduction in all molluscan 
classes. No significant distinctions can be 
drawn between calcareous shales and frag- 
mental limestones, except for the rise of the 
Dalmanellacea in the latter rocks. Green 
shales are typified by even higher bryozoan 
percentages and few corals, 


Silurian.—Literature on the Silurian out- 
crop belt from southern Ontario to central 
New York was searched to provide the data 
for Text-figure 2. Note that corals are 
abundant in the carbonates only, while 
echinoderms do not reach significant per- 
centages in any of the rock types. It is prob- 
able that if the study were repeated using 
Eastern Interior data both of these taxo- 
nomic groups, certainly the echinoderms, 
would be more prominent. A striking feature 
is the number of ostracodes reported in all 
lithologic associations except the dolomites. 
Dolomites are further characterized by 
anomalous percentages of coelenterates, 
gastropods, and cephalopods. 

Pelecypods are prominent in noncalcare- 
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ous clastic rocks, especially the sandstones 
where they occur with large numbers of 
Rhynchonellacea and relatively few Spirif- 
eracea. The latter superfamily rises to 
prominence in the normal shales and car- 
bonates; a rise paralleled by the bryozoa 
(except in dolomites). Dark gray and green 
shales are not markedly distinct, as is the 





case of the differences between black and 
green Ordovician shales. 

Devonian.—Data on Devonian associa- 
tions were tallied separately for an Appa- 
lachian province (largely in New York and 
Pennsyvlania) and a Cincinnati Arch prov- 
ince (Ohio, Kentucky and Indiana). This 
separation in treatment is recorded on Text- 
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TEXT-FIG. 3—Frequency distribution of Devonian invertebrates in faunal 
lists from the Cincinnati Arch and Appalachian areas. 


figure 3. In neither province is sufficient 
lithologic detail available to justify more 
than the most primitive breakdown into 
rock types and many distinctions are prob- 
ably submerged in oversimplification. 
Sandstones and shales in the Appalachian 
area have strikingly similar patterns char- 
acterized by large numbers of pelecypods 
and are differentiated only by the greater 
proportion of Rhynchonellacea in the sand- 
stones. Equivalent lithologies in the Cin- 
cinnati Arch area indicate a marked reduc- 
tion in the number of pelecypods and a 
complementary rise of the brachiopods. In 
the Arch area shale faunas are distinguished 
from sandstone associations by the number 
of Terebratulacea in the latter and the con- 


centration of Dalmanellacea in the former. 
Note the fairly even distribution of taxo- 
nomic groups (except for the dominant 
spirifers) in the limestones. Only in these 
rocks do the Pentameracea appear in sig- 
nificant numbers. The larger percentages of 
mollusks in carbonates of the Arch area 
probably reflect the greater representation 
of dolomites in that area, but this can not be 
established without more detailed litho- 
logic differentiation. 
Mississippian.—Text-figure 4 illustrates 
the lithologic distribution of fossil assem- 
blages in the. pre-Chester Mississippian, 
largely in the Mississippi Valley area. Most 
of the lithocongruent differences are obvious, 
as, for instance, the preference of cryptosto- 
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er. matous bryozoa for shales and the numbers 
XO- of mollusks in sandstones, siltstones, and 
ant dolomites. Inarticulate brachiopods are 
ese prominent only in the shales where spirifers 
sig- are somewhat less common, while spirifers 
of evidence a strong affinity for nonargillaceous 
rea sediments. Other brachiopods appear 
ion broadly tolerant of depositional and di- 
be agenetic conditions. As in the Ordovician, 
ho- there seems to be a real difference between 

the limestone and dolomite faunas. 
tes Pennsylvanian.—Sources for Pennsylva- 
‘m- nian data were limited to the cyclical de- 
an, posits of the Eastern and Western Interior 
ost Basins. A noteworthy feature of the dis- 
us, tributions plotted on Text-figure 5 is the 
to- abundance of mollusks in sandstones and 








shales and their decline as purer limestones 
are approached; a trend inverse to the rise 
to prominence of the fusulinids. With the 
exception of the numbers of inarticulates 
combined with the lack of Dalmanellacea 
and Terebratulacea in the black shales, the 
major brachiopod groups are fairly evenly 
distributed. Perhaps there is significance 
to the dominance of spirifers over productids 
in the coarse-grained sediments and a re- 
verse relationship in the shaly rocks. 


Numerically inadequate data suggest that 
this pattern would be intensified by separa- 
tion of the fine-grained and coarsely frag- 
mental limestones. 

Permian.—Text-figure 6 represents com- 
pilation of the occurrences of invertebrate 








722 


PENNSYLVANIAN 








+ 20% 


10% 





























+ O% : a 
SANDSTONE 263 BLACK SHALE 228 
20% 
F 10% 
“0% 
LIMY SHALE 97! SHALY LIMESTONE 760 
4 TEXT-FIG. 5—Frequency distribution of 


fossils as recorded in the literature of the 

Permian in the area of the West Texas-New 

Mexico Permian Basin and adjoining South- 

western States. A wealth of faunal informa- 
; tion is available but there are few references 
which specifically indicate the lithologic 
relationships. As a result, only three broad 
lithologic types are distinguished on the 
diagram, and much interesting detail is 
obscured by the overgeneralization. Never- 
theless, a pattern can be be discerned. The 
abundance of mollusks in clastic rocks is 
again clear, but note the relative increase in 
these forms in limestone associations as 
compared with earlier Paleozoic systems. 
The importance of pelecypods (largely 
mussels and related forms) is obvious in 
both sandstones and shales but there is an 
inverse relationship between large percent- 
age of gastropods in sandstones and num- 
bers of cephalopods (chiefly ammonoids) in 
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Pennsylvanian invertebrates in faunal 


shales. Among the brachiopods spiriferoids 
exceed productids in limestones, the reverse 
being true in sandstones. Rhynchonellacea 
reach significant numbers in limestones only. 

Jurassic.—Data on Jurassic associations 
were derived from two widely separated 
areas: the Rocky Mountain and Great 
Plains states on the Western Interior of the 
United States, and the classical Jurassic 
areas of Great Britian. These two areas are 
separately treated on Text-figure 7. 

In the Western Interior area the most 
diagnostic faunal elements are the pelecy- 
pods. Pectens, pectenoids and oysters are all 
prominent in the sandstones, while oysters 
outweigh all others in shales, and in lime- 
stones pectens are again important with 
oysters and clams about even. Note the 
abundance of belemnites reported in shales 
as compared with sandstones and lime- 
stones. 
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TEXtT-FIG. 6—Frequency distribution of Permian invertebrates in faunal 
lists from the southwestern states. 


In Great Britain the most striking fea- 
tures are the abundance of ammonoids in 
sandstones, shales, and limestones, their 
relative paucity in shaly, sandy, and odlitic 
limestones; and the abundance of brachio- 
pods (especially Rhynchonellacea) in the 
latter lithologic types. In shales and shaly 
limestones oysters appear to have gained at 
the expense of other pelecypods; clams are 
prominent in the sandy and odlitic lime- 
stones only; while gastropods are notably 
rare in sandstones. 

Outstanding distinctions between the two 
areas are found in 1) the greater diversifica- 
tion of the British faunas; 2) the lack of sig- 
nificant numbers of brachiopods and ammo- 
noids in the Western Interior and their 


abundance in Great Britain; 3) the opposite 
pattern exhibited by belemnites. 

Cretaceous——The Cretaceous diagram 
(Text-fig. 8) represents data drawn from the 
Upper Cretaceous of the Western Interior 
and Gulf Coast outcrop areas; each area is 
illustrated separately. Sandstones of the 
Western Interior are characterized by large 
numbers of clams; significant percentages of 
low-spired snails, oysters, and Mytilacea 
(Inoceramus); and relatively few ammo- 
noids. In the same area the shales yield 
higher percentages of Mytilacea, an abun- 
dance of ammonoids (particularly inflated 
types), lesser numbers of clams, and rela- 
tively few oysters and snails. 

In the Gulf Coast area sandstones appear 
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TEXtT-FIG. 7—Frequency distribution of Jurassic taxonomic groups in faunal lists 
from the Rocky Mountains-Great Plains area and Great Britain. 


to have a fauna much like that of the 
Western Interior, the major distinctions be- 
ing in greater percentages of low-spired 
snails and clams and an inversion of the 
ratio of inflated to aberrant ammonoids. 
Gulf Coast shales, like those of the Western 
Interior, are marked by an increase in in- 
flated ammonoids. In other respects the 
Gulf Coast shale faunas are much like those 
of the sandstones with which they are inter- 
bedded. In the calcareous sediments the out- 
standing feature is the dominance of the 
oysters. Note that clams greatly exceed 
Mytilacea in the marls and positions are 
reversed in the chalks. 

Summary chart—Analysis of the in- 
dividual diagrams makes possible a ranking, 


from “‘very few” to ‘‘abundant,”’ of the num- 
ber of references to specific taxonomic groups 
noted in the literature of each division of 
geologic time investigated. These rankings 
are shown by varying widths of bars ar- 
ranged according to rock type and system on 
Text-figure 9. Where marked differences in 
associations between separate areas exist the 
data shown on the summary chart were 
selected as follows: Devonian-Cincinnati 
Arch area; Jurassic-Great Britain; Creta- 
ceous-Gulf Coast. 

Although the summary chart represents 
another step toward oversimplification it 
does reveal certain relationships which are 
worthy of note. If the reported faunal 
associations of the major rock types are 
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TEXT-FIG. 8—Frequency distribution of Upper Cretaceous invertebrates in faunal 
lists from the Rocky Mountains-Great Plains and Gulf Coast areas. 


examined to determine which taxonomic 
groups show marked preferences for certain 
lithologic settings the following tabulation 
(Table 1) is apparent. In each case the 
taxomic group listed represents forms ex- 
hibiting a definite lithocongruency—that is, 
favoring one lithologic association at the 
expense of others. 

Possible lithocongruent groups (poorly 
substantiated).—In addition to the above 
major associations the summary chart points 
up the distinctive faunas recovered from 
black shales and dolomites. In neither case, 
however, is there a sufficient weight of data 
to establish definite patterns. Black shale 
assemblages are characterized by a poverty 
jn certain groups that abound in ‘‘normal”’ 


shales; principally Rhynchonellacea, Or- 
thacea, and Bryozoa. Only pelecypods and, 
possibly, inarticulate brachiopods show any 
preference for black shales over other shales. 

As compared with limestones, dolomites, 
yield larger numbers of nautiloid, pelecypod, 
and gastropod listings and markedly fewer 
bryozoa. 


INTERPRETATION 


The character of the data utilized in the 
present study does not provide a basis for 
detailed interpretation. However, in the 
process of compiling some 25,000 individual 
listings there emerges a limited number of 
very tentative interpretations which must 
be viewed with extreme caution until more 
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TABLE 1—Taxonomic Groups EXHIBITING 
DEFINITE LITHOCONGRUENCY 








MIDDLE PALEOozorc (ORDOVICIAN-DEVONIAN) 
LITHOCONGRUENT GROUPS 
SANDSTONE SHALE LIMESTONE 
Pelecypoda Dalmanellacea Bryzoa 
Gastropoda Strophomenacea Pentameracea 
Terebratulacea 
Rhynchonellacea 





LATE PALEozorc (MISSISSIPPIAN-PERMIAN) 
LITHOCONGRUENT GROUPS 


SANDSTONE SHALE 
Pelecypoda Ammonoidea 


Gastropoda Dalmanellacea 
Inarticulata 


LIMESTONE 


Terebratulacea 
Spiriferacea (?) 





MEsozoic (JuRASSIC-CRETACEOUS) 
LITHOCONGRUENT GROUPS 
LIMESTONE 
Pteriacea 
Mytilacea 
Naiadacea 


SANDSTONE & SHALE 
Teleodesmacea 





adequate information is brought to bear. A 
major interpretative problem is the sorting 
out of causes and effects among several 
diverse factors—ecology, mechanical trans- 
portation of remains, their selective destruc- 
tion or preservation, and others. 

In the writer’s opinion ecology, the rela- 
tionship between the organism and its en- 
vironment during life, is the most powerful 
of all the factors in determining the com- 
position of the average fossil fauna and all 
the other vectors serve only to modify the 
burial assemblage representing the ecologi- 
cally controlled community of living organ- 
isms. This belief is strengthened by the 
importance of benthonic types among collec- 
tions of megafossils and the relative rarity of 
obvious current-sorted assemblages. Trans- 
ported shells and tests appear to rise in rela- 
tive frequency as the indigenous bottom- 
fauna declines (ammonoids in Late Paleo- 
zoic shales and graptolites in Mid Paleozoic 
black shales, for instance) but this seems to 
be a purely relative phenomenon rather 
than one of absolute numbers. It is certain 
that if micropaleontologic data were simi- 
larly treated the influence of planktonic 
forms would be more strongly felt but such 
evidence as is available suggests that this, 
too, is a matter of relative proportions. 

If it may be assumed that the ecology of 
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the depositional environment is the major 
control on the constitution of fossil assem- 
blages it is natural to consider the environ- 
mental factors which appear to be reflected 
in the varying assemblages. These factors 
can be conveniently classified for discussion 
as chemical (chiefly variations in salinity) 
and physical (wave and current energy re- 
leased at the depositional interface affecting 
the texture and bottom characteristics of the 
accumulating sediments). 

Salinity—The range of salinity which 
was present at any ancient site of deposi- 
tion is not easily measured. It can he 
assumed that strata associated with evap- 
orites have an opportunity to suffer higher- 
than-normal salinities, and ‘‘marine’”’ strata 
interbedded with nonmarine deposits may 
be expected to involve reduced salinities. 
Information on these relationships is not 
available for most of the faunal lists 
compiled and other approaches must be 
sought. 

In compiling data for three systems a 
geographic separation was made and this 
separation makes possible a comparison 
between areas of predominantly normal- 
marine conditions and areas in which 
brackish admixtures can be anticipated. In 
the Devonian, for instance, all paleogeo- 
graphic considerations indicate an open 
marine condition for the Cincinnati Arch 
area, while the Appalachian area has re- 
ceived a significant proportion of continental 
sedimentation related to the Catskill Delta. 
Therefore, Devonian sandstones and shales 
of the Appalachian area probably include 
marine deposits of reduced salinity and the 
faunal differences may be attributed to this 
factor. 

Jurassic and Cretaceous sediments of the 
Western Interior were similarly deposited 
under mixed continental and marine condi- 
tions not unlike the Appalachian Devonian 
and lowered salinities are almost certainly 
represented. On the other hand, the British 
Jurassic and the Gulf Coast Cretaceous 
suggest more normal marine circumstances 
and less opportunity for dilution of salinity. 

The distinctions noted earlier between the 
separate areas, especially the Devonian 
mollusks, paucity of Jurassic ammonoids and 
brachiopods, and the seemongly contradic- 
tory abundance of Cretaceous ammonoids in 
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the apparently more brackish areas appear 
to reflect lower salinities. 
Oxidation-reduction potential—In the ab- 
sence of detailed mineralogic data the Eh 
state of many ancient lithotopes can not be 
estimated with certainty. Only the black 
shales among the recorded lithologies can 
definitely be stated to represent a distinct 
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TEXT-FIG. 9—Summary chart showing relatic 


(reducing) Eh condition although it may be 
a safe assumption that most of the listings 
from other lithologies were involved in 
oxidizing depositional conditions, although 
all probably passed through a reducing 
regime during diagenesis. As noted earlier, 
when compared with other shales, black 
shales are low in rhynchonellids, orthids, 
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and _bryozoa; high in pelecypods and, 
vaguely, in inarticulate brachiopods. 

Hydrogen ion concentratton.—Again, in- 
adequacies of mineralogic information pre- 
clude accurate assessments of pH conditions 
during the deposition of the sediments dealt 
with here. The carbonates and carbonate- 
rich strata indicate a high pH but non- 
carbonate deposits are not necessarily indi- 
cators of acidity. Calcareous shales and 
“normal” shales may be considered to 
indicate equivalent energy and salinity 
conditions with a somewhat higher average 
pH for the limy shales. Therefore, distinc- 
tions between calcareous and other shales 
may reflect pH differences and these may be 
reflected in faunal differences. If this thesis 
is accepted it appears that a low pH favors 
Mesozoic clams, late Paleozoic and mid- 
Paleozoic inarticulates, and mid-Paleozoic 
productids, dalmenellids, and pelecypods in 
general. 

Dolomitization.—All the fossiliferous dolo- 
mites included in the present study are 
clearly secondary and the great majority 
probably represent a diagenetic replace- 
ment of limestones. Hence, it is improper to 
invoke ‘‘dolomitization’”’ as an environ- 
mental factor. Nevertheless, there appears 
to be a real difference between the faunas of 
certain dolomites and those of equivalent 
limestones and this difference is considered 
to reflect a primary difference in the 
sedimentary environment. The precise na- 
ture of the differences is not clear but they 
are presumed to include chemical factors— 
perhaps a higher primary magnesium con- 
tent. Regardless of the genetic differences, 
the result is that Paleozoic dolomites yield 
higher percentages of mollusks and lower 
percentages of echinoderms and bryozoa 
than are found in equivalent undolomitized 
limestones. 

Physical effects—Textures and primary 
structures of sedimentary rocks help define 
the level of mechanical energy released at 
the depositional interface. Textures also 
aid in distinguishing among bottoms of soft 
mud, shifting sand, and wave-resistant 
carbonate structures. Where sand and shale 
are noted in literature references a fairly 
accurate reconstruction of the energy levels 
and bottom characteristics can be made. 
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Where limestones are involved, however, 
there is seldom sufficient textural description 
accompanying faunal lists to permit a trust- 
worthy interpretation. In the present analy- 
sis it is assumed that the majority of the 
limestones recorded (with the clear exception 
of chalks) represent fairly high energy states 
and firmer, more cemented bottoms than 
those formed on sand or clay and silt. In 
interpreting the effects of mechanical en- 
ergy the faunal associations in sandstones 
and limestones are considered to represent 
high energy levels, those of shales to indi- 
cate low energy. Sandstones and shales are 
paired to represent soft and shifting bot- 
toms as contrasted with compact carbonate 
accumulations. 

Mechanical energy.—If wave and current 
action can be lithologically tagged as noted 
above then the following associations are 
indicated: High mechanical energy states 
lead to an abundance of pectenoids and 
and mussel-like pelecypods in the Meso- 
zoic; to a somewhat increased percentage 
of spirifers in the late Paleozoic; and to sig- 
nificantly more Pentameracea and slightly 
more Rhynchonellacea in the mid-Paleozic. 
Conversely, low energy states seem to be 
conducive to Mesozoic gastropods; late 
Paleozoic inarticulate, dalmanellid, and 
strophomenid' brachiopods; and _ mid- 
Paleozoic dalmanellids, strophomenids, 
orthids, and inarticulates. Ammonoids are 
relatively abundant in both Mesozoic and 
late Paleozoic low-energy sediments but this 
relative rise may represent a lower absolute 
value of strictly benthonic forms. 

Bottem character—lf limestones can be 
taken as indicative of well-cemented, un- 
shifting bottoms then these conditions are 
suggested by comparatively higher percent- 
ages of the following: Mesozoic mussels, late 
Paleozoic spirifers, terebratuloids, and stro- 
phomenids, and mid-Paleozoic bryozoa and 
coelenterates. It seems certain that if a dis- 
crimination could be made among fine- 
grained, bioclastic, and biostromal carbon- 
ates many more faunal indictors of bottom 
conditions would emerge. 

Shifting sand and mud bottoms appear to 
favor clams in the Mesozoic and Paleozoic 
pelecypods in general, plus late Paleozoic 
gastropods, dalmanellids and inarticulates. 
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CONCLUDING REMARKS 


The authors of the paleontologic and 
stratigraphic papers which are the sources of 
data for the present study had quite differ- 
ent objectives from those for which their 
faunal lists have here been used. The lists 
were drawn up primarily to establish bio- 
stratigraphic and time-stratigraphic cor- 
relations and were not designed to determine 
lithocongruent associations. That a sys- 
tematic relationship between fossil assem- 
blages and their enclosing rocks does emerge 
from a compilation of these data is indica- 
tive of the essential consistency of these 
earlier observations, and suggests the results 
that could be anticipated if faunal lists were 
rigorously quantified and accompanied by 
adequate descriptions of the associated 
lithology. 
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ABSTRACT—Recent ostracode shells consist of about 80 to 90 percent calcium car- 
bonate, from 2 to 15 percent organic matter, and numerous minor elements, mainly 
K, Mg, Na, Si, Al, Sr, and Ba. Dilute acid removes the calcium carbonate. The 
remaining organic residue is scanty and shapeless in geologically older specimens. 
It is more abundant and more conformable to the original shape of the shell in geo- 
logically younger specimens. Decalcification suggests a method for determining 
younger contaminants in some ostracode faunules. Recognition of the organic resi- 
due offers a plausible explanation to the presence of ostracodes as thin wrinkled films 


in certain shales. 





INTRODUCTION 


A PRELIMINARY step in the dissection of 

living ostracodes is the decalcification 
of the shell with dilute acid, to facilitate 
opening of the valves and exposure of soft 
parts. According to Martin (1957), this tech- 
nique may be used to obtain chitinous re- 
mains of soft parts from carapaces of fossil 
ostracodes. The writer noted that some 
ostracode shells of late Tertiary age, when 
decalcified, leave an organic residue similar 
to that of Recent shells. Certain geologic 
and ecologic inference are believed war- 
ranted from study of these residues. The 
study of the chemical constituents of shells 
from living ostracodes was made as a means 
of obtaining background data. 

In the summer of 1950 two samples of 
living ostracodes were collected in order to 
determine the organic and inorganic com- 
position of the shell. One sample was dredged 
in the vicinity of the Chesapeake Biological 
Laboratory pier located near the mouth of 
the Patuxent River at Solomons Island, 
Maryland, because Tressler & Smith (1948, 
p. 33) reported that Loxoconcha impressa 
(Baird) = L. rhomboidea (Fischer), were abun- 
dant at this locality during the summer 
months. Several hundred specimens of this 
species were obtained. The second sample 
was obtained from a fish tank at the De- 
partment of Biology, George Washington 
University, in which the large ostracode 
Chlamydotheca unispinosa (Baird) suddenly 
appeared. This species occasionally develops 
in fish tanks, presumably from eggs im- 
ported on water plants. 


I am grateful to Dr. A. Glen Richards, De- 
partment of Agriculture, University of 
Minnesota, for his determination of the 
organic constituents of ostracode valves, to 
Dr. Yata Haneda, Yokosuka City Museum, 
Kurihama, Japan, who sent me a generous 
supply of identified marine ostracodes, and 
to the Geochemistry and Petrology Branch, 
U. S. Geological Survey for spectrographic 
analyses. Dr. R. V. Truit, Maryland De- 
partment of Research and _ Education, 
Solomons Island, made available the facili- 
ities of the Chesapeake Biological Labora- 
tory for collecting ostracodes. 

Publication is authorized by the Director, 
U.S. Geological Survey. 


COMPOSITION OF LIVING OSTRACODE SHELLS 


The ostracode carapace consists of two 
valves joined by an elastic ligament along 
the dorsum and open along the ventral and 
end margins. The valve in living ostracodes 
consists of three layers: A thin waxy out- 
side covering, a hard mineralized portion 
consisting of an organic mesh that is im- 
pregnated with calcium carbonate and other 
minerals, and an inner “chitin’’ coating 
(Kesling, 1951, p. 60-73, text-fig. 32). The 
chitin lining extends from the calcified inner 
lamella to form the body wall of the visceral 
cavity of the animal. The term “chitin” as 
previously used in connection with ostra- 
codes was in the broad sense (Richards, 
1947, p. 234-239), as no analysis of the 
organic constituents in ostracode shells has 
been published. Kesling (1951, p. 67) was 
the first to publish the results of an X-ray 
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diffraction study of several hundred living 
specimens of Cypridopsis vidua (O. F. 
Miiller). He removed the animals from an 
aquarium with a pipette in order to avoid 
contamination with bottom sediments. The 
diffraction pattern obtained indicates cal- 
cite, “alpha-quartz”’ interpreted as diatoms 
in the stomachs, and additional lines that 
he interprets as either organic remains of 
the ostracode, or mineral contaminant. 


ORGANIC CONSTITUENTS OF 
LIVING OSTRACODES 


A dry sample of Loxoconcha rhomboidea 
(Fischer) consisting of 3 carapaces and 6 
dissociated valves, and live specimens of 
Chlamydotheca unispinosa (Baird) were sent 
to Dr. A. Glen Richards, Department of 
Agriculture, University of Minnesota, for 
determination of shell constituents. 

In his letter of October 16, 1950, Dr. 
Richards generously submitted data that 
were not included in his book (Richards, 
1951). The following is abstracted from this 
letter, page references to his book are con- 
verted from portions of his typescript that 
he included with this letter. 


Chlamydotheca unispinosa (Baird): Living 
material examined. 


Over 90% of dry weight is due to calcifica- 
tion. Two separate tests gave respectively 
1.2% and 3.1% chitin in the valve (Rich- 
ards, 1951, p. 40). Hotchkiss test for 
polysaccharide, after removal of tissues in- 
cluding epidermis by treatment with alkali, 
positive (Richards, 1951, p. 37,38). Weak 
but definitely positive ninhydrin and xantho- 
proteic tests indicate the probable presence 
of a small amount of protein in the valves. 


Iso- 


Loxochoncha rhomboidea (Fischer): 
lated dry valves examined. 


Strong chitosan color test (Richards, 
1951, p. 32) demonstrates the presence of 
chitin. From the intense colors developed, 
Richards judged it to be three to four times 
higher in percentage of chitin than the 
Chlamydotheca valves. 


PETROGRAPHIC DETERMINATIONS 


Dr. Richards examined the specimens with 
polarized light and reports the following: 
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Chlamydotheca unispinosa (Baird): 


“With polarized light and crossed nicols, 
an isolated valve shows rather weak bire- 
fringence in surface view. This does not show 
any trace of mosaic pattern, and does not 
extinguish on rotating the stage of the 
microscope. On tilting fragments the bire- 
fringence changes quickly from a weak gray- 
white to brilliant rainbow colors. Therefore 
the calcification is uniform over the valve, 
and the optic axes are nearly perpendicular 
to the surface.” 


Loxoconcha rhomboidea (Fischer) : 


“The valves are heavily calcified, but un- 
like Chlamydotheca, they are not constantly 
uniform in their crystallization. With polar- 
ized light and crossed nicols one specimen 
was uniform except for intensity variations 
correlated with and almost certainly due to 
the sculpturing. The other specimen exam- 
ined was similar to this around the margin 
of the valve, but in the center of the valve 
each pit showed a typical Brewster's cross. 
In other words, the axes of the calcified 
material are oriented along. radii of the 
circles and ovals. No mosaic pattern ‘is 
discernible (Richards, 1951, p. 100-108). 

“The valve is quite friable until weak acid 
is used to remove the calcification. Concur- 
rent with the loss of calcification there is a 
decay in the strong birefringence. After de- 
calcification is complete the valve is pliable 
and shows only faint birefrigence (i.e. it acts 
as to be expected of a calcified arthropod 
cuticle). The same is true also for Chlamydo- 
theca.” 


INORGANIC CONSTITUENTS 


- Samples of valves and of soft parts of both 
the above mentioned species were submitted 
separately to the spectographic laboratory 
of the Geological Survey for analysis. The 
results are shown in Table 1, columns A 
through D. 

A spectrographic analysis of dried speci- 
mens of Cypridina hilgendorfii Miiller, 1890, 
collected by Dr. Y. Haneda on September 
1954 at Zushi Beach, Kanagawa, Japan and 
identified by him, is given in Table 1, 
column G. This marine species has been the 
subject of investigations of bioluminescence 
(Johnson, 1955). 
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TABLE 1—SPECTROGRAPHIC ANALYSES (IN PERCENT) OF OSTRACODES 
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1 Qualitative analysis by K. J. Murata, U. S. Geological Survey, April, 1951. 

A, C—Valves exclusive of animal. 

B, D—Animal exclusive of valves. 

Not found in any sample: Sb, Sn, In, Cd, Ga, Tl, Bi, Mo, W, Au, Pt, Ag, Zr, Y, La, B, Co, Ni, Cr. 

Note: The samples weighed tenths to hundredths of a milligram. The small size of the samples 
allows only a very rough qualitative analysis. 

No information on Na was obtained because an excess of Na2CO; was used to obtain a smooth burn 
of the samples. The spectra are too dark to determine Ba, but there is indication that relatively large 
amounts are present. 

2 Valves exclusive of animal. Semi-quantitative analysis by Miss Mona Franck, U. S. Geological 
Survey, June, 1955. 

Phosphorus is below the limit of detection, which is about 0.1% by the method used. 

3 Valves exclusive of animal. Semi-quantitative analysis by Mrs. K. V. Hazel, U. S. Geological 
Survey, March, 1956. 

4 Valves and animal. Semi-quantitative analysis by Mrs. K. V. Hazel, U. S. Geological Survey, 
September, 1956. 

Looked for but not detected: K, P, Ag, As, Au, B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Dy, Er, Eu, 
Gd, Gc, Hf, Hg, Ho, In, Ir, La, Li, Lu, Mo, Nb, Nd, Ni, Os, Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru, Sb, 
Sc, Sn, Sm, Ta, Tb, Te, Th, Tl, Tm, U, V, W, Y, Yb, Zn. The standard sensitivities of the method 
used range from second to the fifth decimal place in percent for all the elements not detected except 


K (0.1), Cs (0.8), Os (0.1), Rb (7), and Ta (0.1). 
Not looked for: F. 


Mr. George Ashby, U. S. Geological 
Survey, made an X-ray analysis of a sample 
of Chlamydotheca unispinosa (Baird) that 
shows calcium is present as crystalline 
calcite, and not as aragonite (Report No. 
TWX-1536). Switzer & Boucot (1955, p. 
529) report calcite determined by X-ray 
powder technique in an ostracode of Paleo- 
cene age. This confirms Kesling’s observa- 


tion (Kesling, 1951, p. 67), but contradicts 
Dudich as cited by Vinogradov (1953, p. 
390). It is in line with Richards’ statement 
(Richards, 1951, p. 101) that aragonite is 
not recorded in arthropod cuticle. 

The relatively high vanadium content of 
Chlamydotheca unispinosa reported in Table 
1, E is at variance with published analyses 
for Arthropoda (Vinogradov, 1953, p. 410). 
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This variance is supported by the analysis 
of asample of a large freshwater ostracode of 
the ‘‘Candona”’ group from the Kenilworth 
Aquatic Gardens, Washington, D. C. that 
was tested for vanadium with negative re- 
sults. The analysis is given in Table 1, 
column F, 

The comparison of the constituents of the 
soft parts (Table 1, B and D) to the shells 
(Table 1, A and C) of ostracodes is of in- 
terest, although data are at present in- 
sufficient for conclusions. 

Mr. C. A. Kinser, U. S. Geological Survey, 
reports that chemical analysis of the valves 
of Chlamydotheca unispinosa (Baird) gives 
33.1% calcium and 2.18% nitrogen (Letter, 
Jan. 11, 1956). He combined the above data 
with the average of the two chitin de- 
terminations of 1.2% and 3.1% for shells of 
the same species given by Richards and 
calculated the following constituents of the 
valve: 


TABLE 2—CALCULATED CONSTITUENTS OF 
Chlamydotheca unispinosa (BAIRD) 











Percent 
Protein 12.8 
Chitin 5 2.2 
CaCO; 82.7 
Trace elements 1.9 
99.6 





Protein was calculated from the nitrogen 
remaining after subtracting the amount 
accounted for by chitin. These rough esti- 
mates indicate that in at least one living 
species there is in the shell about five times 
as much protein as there is chitin. 


SUMMARY OF SHELL COMPOSITION 


The data obtained by analysis of four 
species of living ostracodes from different 
environments suggest the following general 
statement: 

The living ostracode shell consists of about 
80% to 90% or more of calcium carbonate, 
various minor elements, and from about 2% 
to about 15% of chitin and proteins. There 
is sufficient organic matter in the makeup 
of the shell to leave a coherent pliable struc- 
ture that retains the original form of the 
valve after it is decalcified with weak acid. 
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DECALCIFICATION OF VALVES 


Dilute acid: The following method is used 
to decalcify ostracodes: A clean ostracode 
valve is covered with water. A drop of 10% 
by volume hydrochloric acid is added to 
the water. The acid diffuses through the 
water and soon reaches the specimen from 
which gas bubbles begin to rise. In a matter 
of minutes the specimen is decalcified. Addi- 
tion of excess acid does not then affect the 
organic replica. Concentrated acid causes a 
rapid release of gas bubbles which mechan- 
ically destroy the organic frame of the valve. 
The reaction is greatly retarded when glyc- 
erin is substituted for water. 

Cushman & Warner (1940) used this 
method to decalcify Recent Foraminifera. 
Present observations on miliolid foramini- 
fers indicate that when the calcareous mate- 
rial is dissolved, the inner organic lining un- 
coils as a straight tube. The composition of 
this lining is probably nonchitinous (Rich- 
ards, 1951, p. 42,43). 

Chelating agents: I am indebted to Dr. 
B. H. Burma, California Exploration Com- 
pany, for suggesting the use of chelating 
agents to decalcify fossils. The chemical 
Sequestrene (Welcher, 1958, p. 1) was dis- 
solved in water to which a drop of NH,OH 
was added, and was used instead of acid to 
decalcify several specimens. The results are 
given in Table 3. The reaction is much 
slower and gentler than with hydrochloric 
acid. The results obtained from the two re- 
agents are generally comparable. 


APPLICATION TO PALEONTOLOGY 


The organic fraction of valves tends to be 
destroyed or replaced with time. The rate 
of this destruction is a function not only of 
time, but also of temperature and the 
chemical composition of the circulating 
water. Abelson (1954a, 1954b, 1956) has 
shown that amino acids, the building blocks 
of living protein, can be detected in fossil 
representatives of several phyla. Certain of 
the amino acids detected in fossils are 
sufficiently stable to last more than a billion 
years under mild thermal conditions. His 
data, however, do not include Arthropoda. 

In fossil ostracodes the organic framework 
should be either reduced or entirely absent, 
depending on the geologic age of the speci- 


a 
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TABLE 3—RESULTsS OF DECALCIFICATION WITH CHELATING AGENT 








Name 


Age Locality Remarks 








Bairdia sp. 

“Bairdiocypris” trapezoidalis Roth, 1933 
Clithrocytheridea sp. 

“Candona”’ sp. 


Pennsylvanian 14 
Early Cretaceous . 
Paleocene 
Recent (living) 11 


Noncohesive residue 
Noncohesive residue 
16 Nonflexible replica 
Flexible replica 





DEFINITION OF TERMS USED IN TABLES 3 AND 4 
Flexible replica—a perfect replica of the original valve composed of chitin and probably protein, that 


can be bent without destroying the replica. 


Nonflexible replica—a replica that is disrupted when touched with a needle. The organic framework 


is either partly or wholly destroyed. 


Noncohesive residue—A shapeless residue of unidentified material. 


mens and also on the post-depositional en- 
vironment. The results of tests with 10% 
hydrochloric acid on ostracodes of various 
ages are shown in Table 4. To minimize in- 
dividual variation, several specimens of each 
species were decalcified. 

The possible influence of boiling, a com- 
mon step in the extraction of ostracodes 
from sediments, was tested on ostracodes 
from locality 9. Specimens were extracted 
with a needle from unboiled matrix, washed 
in cold water, and then tested. The residues 
were the same as those from specimens that 
had been boiled. 


It should be noted that with the exception 
of living ostracodes, there are as yet no data 
as to the composition of the insoluble residue. 
It seems reasonable to infer that these re- 
sidues, having the same observable physical 
properties as those from living valves, are of 
similar composition. The residue from living 
ostracodes is coherent and flexible. Con- 
sequently, any residues from fossil ostra- 
codes that are flexible, as determined by 
bending with a needle, are probably com- 
posed of chitin and/or protein. Those re- 
sidues that are noncohesive or are not flex- 
ible may represent partly destroyed chitin 


TABLE 4—RESULTS OF DECALCIFICATION WITH DILUTE HyDROCHLORIC ACID 








Name 


Age 


Locality Residue 





MARINE 
Cavellina sp. 
Hollinella sp. 
Cytherella tuberculifera Alexander, 1929 


Cythereis communis Israelsky, 1929 
Cythereis communis Israelsky, 1929 
Cytherella sp. 


Cytherella sp. 
“‘Cytheridea”’ sp. 


Eocene 
Eocene 


Pennsylvanian 13 
Pennsylvanian 13 
Late Cretaceous 1 


Late Cretaceous 
Late Cretaceous 
Paleocene 


No replica 

No replica 

No replica, elongate frag- 
ments from marginal area 
Nonflexible replica 
Nonflexible replica 

No replica, ring represent- 
ing marginal area 
Noncohesive residue 
Noncohesive residue 


Cytherella sp. 

Trachyleberis? lupheri (Sohn), 1948 
Trachyleberis? sp. 

Cytherella? sp. 


FRESH WATER 
Gen. indet. 
Lineocypris? sp. Sohn, 1956 
“‘Candona” sp. 5 Sohn, 1956 
““Candona”’ aff. C. caudata Kaufmann, 
1900 
“‘Candona” sp. 


Oligocene 

Oligocene 

Miocene 

Late Pleistocene in Re- 
cent 


Eocene 
Pliocene 
Pliocene 


Pleistocene 
Recent (living) 
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Noncohesive residue 
Flexible replica 
Flexible replica 
Flexible replica 


Flexible replica 
Flexible replica 
Nonflexible fragments 


Flexible replica 
Flexible replica 
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and proteins, or may be an entirely different 
substance. 

Tables 3 and 4 indicate that the amount 
of residue varies from genus to genus at the 
same locality (Cytherella tuberculifera and 
Cythereis communis). The presence or ab- 
sence of replicas cannot be correlated with 
the geologic age of the specimens, but the 
trend is for the replicas to decrease in quality 
and quantity with geologic age. Valves of 
Pennsylvanian ostracodse leave no replica. 
Martin (1957, p. 292) records that upper 
Permian (Zechstein) carapaces leave some 
residue. Martin’s resides, however, are from 
the interior of carapaces and not an integral 
part of the valves (Gocht & Goerlich, 1957). 
Replicas are common in late Tertiary sam- 
ples. The perfect replica obtained from 
Eocene ostracodes at locality 8 may be 
due to the bituminous matrix that prevented 
decomposition of the organic constituents. 

This decalcification technique has proved 
useful in determining admixtures of Re- 
cent ostracodes in some fossil assemblages. 
Admixtures of younger ostracodes in older 
formations are common. Failure to recognize 
such contaminants has resulted in at least 
one case where a Recent fresh water ‘‘Can- 
dona”’ is described as a new Paleozoic species 
of Macrocypris (Spivey, 1939). In 1953, 
several specimens, obtained in an ostracode 
faunule from a collection of sandstone in the 
Springer formation (Pennsylvanian), were 
submitted for identification. The valves 
were similar to those of Paracandona or a 
related living genus. The decalcified residue 
indicated that the species is a Recent or late 
Tertiary contaminant. 


PALEOECOLOGIC INFERENCES 


Many shales contain abundant specimens 
of featureless ostracodes that consist of 
crushed and wrinkled films. A good example 
is Candona? rogersii Jones, 1862, from 
Triassic sedimentary rocks of the Atlantic 
coast. The resemblance of these films to 
flexible replicas obtained by decalcifying 
living ostracodes is remarkable. It is sug- 
gested that these fossils may represent shells 
that were decalcified before or shortly after 
burial. The presence of these thin films 
might be indicative of an acid environment 
for the sediments. The wrinkled films sug- 
gest penecontemporaneous decalcification, 


because decalcification after consolidation 
seems a less likely way of accounting for the 
wrinkling of the organic replicas. 

As a partial check of this hypothesis, liv- 
ing ostracodes were subjected to slow bub- 
bling of H:S. After a week or more the 
carapaces were decalcified and_ perfect 
replicas of the valves remained. Living fresh- 
water ostracodes placed in a jar with HS 
bubbled through the water were dead in a 
short time. 


COLLECTING LOCALITIES 


. Monmouth formation, Upper Cretaceous, 
Addison Road, 0.6 to 0.7 miles South of Cen- 
tral Ave., east bank of Cabin Branch, west of 
road and of house. Prince Georges County, 
Maryland. Coilected by I. G. Sohn, Dec. 3, 
1951. 

. Brightseat formation, Paleocene, upstream 
from loc. 1, past pig pens, approximately 3 
feet below contact with Aquia formation. 
Collected, I. G. Sohn, Dec. 3, 1951. 

. Castle Hayne limestone, Eocene, about 15 
feet below base of Cooper marl, about 6 feet 
below hard limestone, quarry of the Caro- 
lina Cement and Lime Co. about 2 miles 
north of Harleyville, Dorchester County, 
South Carolina. Collected by F. S. MacNeil 
and C. W. Cooke, June 1951. 

. Marianna limestone, Oligocene, type local- 
ity, SE} sec. 3, T. 4 N., R. 10 W., roadcut 
U.S. Highway 90, at east edge of Marianna, 
just west of Chipola River, Jackson County, 
Florida. Collected, D. H. Ergle, 1945. 

. Late Pleistocene or Recent, core at 2444 
meters, 38° 52’ N., 10° 35’ E., Mediterranean 
Sea. Collected by Swedish Deep-Sea Exp., 
1946. 

. Porter shale member of the Lincoln forma- 
tion of Rau (1948), Oligocene, thick-bedded 
siltstones, SE} sec. 27, T. 17 N., R. 5 W., 
highway cut from 3200 feet to 4000 feet 
southeast of the town of Porter, Thurston 
County, Washington. Collected by R. L. 
Lupher, 1946. 

. Uvigerina zone, Miocene, Grays Harbor area, 
Washington. Collected by R. L. Lupher 
(date unknown). 

. Green River formation, Eocene, bed 58 of 
Cobban’s Sunnyside section, SE} sec. 3, 
T. 14 S., R. 14 E. Carbon County, Utah. 
Matrix impregnated with bituminous mate- 
rial. Collected by W. A. Cobban (date un- 
known). 

. Teewinot formation, Pliocene, USGS loc. 
19121, cut west side of oiled highway, two 
miles northeast of junction with US 87, 
NW# NW3 sec. 18, T. 42 N., R. 115 W., 
Jackson Hole, Wyoming. Collected by J. D. 
Love, 1953. 

. Alpine formation, Pleistocene, type locality, 
from lower part of formation, S} cor. sec. 
19, T.4S., R. 2 E., Utah County, Utah. Col- 
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lected by J. H. Feth and I. G. Sohn, 1954. 

11. Recent, Kenilworth Aquatic Gardens, Wash- 
ington, D. C. Collected by I. G. Sohn, Jan. 
1955. 

12. Coffee sand, Upper Cretaceous, NW cor., 
SW3 SE sec. 9, T. 8 S., R. 7 E., Lee County, 
Mississippi. Collected by L. W. Stephenson 
and W. H. Monroe, March 1938. 

. Labette shale, Pennsylvanian, exposed in 
south bank of creek east of Price Road and 
south of Ladue Road, St. Louis County, 
Missouri. Collected by I. G. Sohn, May 1952. 

. Deese formation, Pennsylvanian, about 150’ 
southeast of NW cor. sec. 4, T.6S., R. 2 E., 
Love County, Oklahoma. USGS loc. 12845. 
Collected by C. A. Miller, March 1951. 

. Lakota formation, Lower Cretaceous, tribu- 
tary to Chilson Canyon, SE} sec. 11, T. 8S. 
R. 3 E., Northwest part of Flint Hill quad- 
rangle, Fall River County, South Dakota, 
Collected by Henry Bell III, field number. 
HB-1-54. 

. Brightseat formation, Paleocene, Lanham 
quadrangle, about 1 mile W, SW ‘of Bright- 
seat, Prince Georges County, Maryland. Col- 
lected by I. G. Sohn, Dec. 3, 1951. 
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no. 491, 76 pp., 19 pls., 1 map. 

. SCHTEDRINA, Z. G., Two new genera of Fo- 


raminifera of the family Trochamminidae 
(in Russian): Akad. Nauk SSSR., Trudy, 
v. 18, p. 5-9, illustr. (non vidi). 


. SEIBOLD, EUGEN, & SEIBOLD, ILSE, Revision 


der Foraminiferen-Bearbeitung C. W. Giim- 
bels (1862) aus den Streitberger Schwamm- 
Mergeln (Oberfranken, Unterer Malm): N. 
Jahrb. Geol. Paliont., Abh., v. 101, no. 1, 
p. 91-134, pl. 12,13, 5 text figs. 


. SHEPARD, FRANCIS P., & Moore, DAvip G., 


Central Texas Coast sedimentation: Char- 
acteristics of sedimentary environments, re- 
cent history and diagenesis: Am. Assoc. 
Petroleum Geologists Bull., v. 39, p. 1463- 
1593, 75 text figs. 

SHARDANOV, A. N., see KHaIn, V. E. and 
others. 

SHIMIZU, DAIKICHIRU, see NAKAZAWA, K. 


. Sipo, M., Mikropalaeontologiai odatok 


Salka (Ipolyszalka) miocen iiledekeibdl: 
Féldt. Kézlény Magyar., v. 85, no. 2, p. 
211-216. 


. SIGAL, JAcQuEs, Notes micropaléontolo- 


giques nord-africaines: 1. Du Cénomanienau 
Santonien: zone et limites en faciés péla- 
gique: Soc. géol. France, Comptes Rendus, 
no. 8, p. 157-160. 


. SIGAL, JACQuES, Notes micropaléontolo- 


giques nord-africaines: 2. Sur l’extension du 
genre Ticinella Reichel, 1949; 3. Rosalines 
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inférieur: ibid., no. 11-12, p. 225-227. 
SIGAL, JACQUES, see COLLIGNON, M. 

SIGAL, JACQUES, see EMBERGER, J. and 
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SIGAL, JACQUES, see Lavocat, R. and others. 
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SINGLETON, O. P. see Cookson, I. C. 
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940, pls. 89-96, 1 text fig., tables. 
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inifera as indicators of depositional environ- 
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2 text figs. 


390-398* 
399. SmiTTER, Y. H., A foraminiferal fauna from 


the Tertiary sediments of southern Mo- 
cambique: Palaeon. Africana, v. 3, p. 109- 
118 (non vidt). 
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. SMout, ALAN H., Reclassification of the 
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p. 201-210, 10 text figs., 1 table. 

Smout, A. H., see EAMEs, F. E. 

SopER, P., see FuRRER, M. A. 


. SOLOVENA, M. N., On the stratigraphy of 


the Upper Paleozoic of Kyzyl-Kumy: (in 
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Russian): Akad. Nauk SSSR., Doklady, v. 
100, no. 3, p. 545-546. (non vidi). 

. SoLovEvA, M. N., On the problem of the 
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v. 101, no. 1, p. 163-164. (non vidi). 
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70, 62 pp., 3 pls., 5 text figs. 
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and two new species of the family Hetero- 
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fossils: Jour. Paleontology, v. 29, p. 525- 
533, 3 text figs., 1 table. 

. Tat, YosHrRo, Micropaleontological study 
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part 3: Geol. Soc. Japan, Jour., v. 61, no. 
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WIcHe_r, C. A., see BETTENSTAEDT, F. 
WILDE, GARNER L., see SKINNER, J. W. 
WIsEMAN, J. D. H., Marine organisms and 
biogeochemistry: Nature (London), v. 176, 
no. 4487, p. 818-819. 
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troleum Geologists Bull., v. 39, p. 2078- 
2084, 1 text fig. 
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stract): Geol. Soc. Egypt, Abstr. Proc., v. 
1, no. 1, p. 34. 
ZALESNY, Emit R., Recent littoral Foram- 
inifera from the coast of southern Cali- 
fornia (abstract): Jour. Sedimentary Pe- 
trology, v. 25, p. 156. 
ZEDNICEK, W., Siebenfaches Sphiaritkreuz. 
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Radez-Rundschau, Oesterreich.-Amerikan. 
Magnesit A.G., no. 2, p. 393-394, 2 text figs. 
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bayerischen Kalkalpen zwischen Iller und 
Traun: N. Jahrb. 1. u. Paléont., Abh., 
v. 101, no. 2, p. 141-226, 4 pls. 
ZELLER, Doris E. Nopine, Endothyroid 
foraminiferal faunas from the lower Car- 
boniferous of England and Algeria (ab- 
stract): Jour. Paleontology, v. 39, p. 738, 
- Jour. Sedimentary Petrology, v. 25, p. 
144. 
ZELLER, EDWARD J., Endothyroid zonation 
in the Mississippian of the Rocky Moun- 
tains (abstract): Jour. Paleontology, v. 29, 
p. 737-738, and Jour. Sedimentary Petrol- 
ogy, v. 25, p. 143-144. 
ZOBELEIN, ee Kart, Uber Alttertiar- 


Gerdélle aus der subalpinen Molasse des 


westlichen Oberbayerns und der inneral- 
pinen Molasse (Angerbergschichten) des 
Tiroler Unterinntales (Vorlaufige Mittei- 
lung). Mikropalaontologische Befunde von 
MANFRED REICHEL.: N. Jahrb. Geol. Pa- 
liont., Monatsh., no. 8, p. 342-348. 


INDEX TO FORAMINIFERA FOR 1955 


ABOUDARAGINA Nakkady, 312, p. 262. New 
genus of the family Rotaliidae. Genotype: 
Aboudaragina eponidelliformis Nakkady, 1955, 
ut infra. Jurassic (Bathonian). 

eponidelliformis Nakkady, 312, p. 262, pl. 1, 
figs. 2-4. Bathonian, Egypt. 

Alabamina sudrensis Osman, 326, p. 334, pl. 1, 
figs. 26-28. Maastrichtian, Sinai, Egypt. 

ALANWOODIA Loeblich & Tappan, 255, p. 26. 
New genus: family not stated. Genotype: 
Patellina campanaeformis Brady, 1884, Rept. 





Voyage Challenger, vol. 9, Zool., p. 634, text 
fig. 19. Recent. 
Allomorphina bullata Hofker, 192, p. 103, text 


fig. 1, second row. Lower Middle Maastrichti- 
an, Netherlands. 

Almaena delicata Saakjan-Gezaljan, 368, no in- 
formation available to compiler. 

delicata Saakjan-Gezaljan, 1955, var. costa- 
ta Saakjan-Gezaljan, 368, no information avail- 
able to compiler. 

—— hrasdanica Saakjan-Gezaljan, 368, no in- 
formation available to compiler. 

rugosa Saakjan-Gezaljan, 368, no informa- 
tion available to compiler. 

Almaena ? palmulata Saakjan-Gezaljan, 368, no 
information available to compiler. 

Ammobaculites alaskensis Tappan, 414, p. 43, pl. 
12, figs. 1-10. Jurassic, Alaska. (For synonymy 
see original description.) 

—— albertensis Stelck & Wall, 1954, var. hine- 
sensis Stelck & Wall, 405, p. 30, pl. 3, fig. 35. 
Cenomanian, Western Canada. 

barrowensis Tappan, 414, p. 45, pl. 11, figs. 
7-12. Lower Liassic, Alaska. 

—— gravenori Stelck & Wall, 405, p. 30, pl. 1, 
fig. 13; pl. 3, fig. 7. Cenomanian, Western Can- 
ada. 

spiritensis Stelck & Wall, 405, p. 33, pl. 1, 
fig. 4. Cenomanian, Western Canada. 

Ammomarginulina lorangerae Stelck & Wall, 
405, p. 34, pl. 1, figs. 13,27. Cenomanian, West- 
ern Canada. 

Anomalina fayoumensis Ansary, 9, p. 123, pl. 4, 
fig. 10. Upper Eocene, Egypt. 

sudrensis Osman, 326, p. 335, pl. 1, figs. 32- 
34. Campanian, Sinai, Egypt. 

Archaecyclus midorientalis Eames & Smout, 122, 
p. 510, pl. 11, figs. 7-11. Campanian, Kuwait. 

ARENAGLOBULA Bourdon & Lys, 49, p. 326. 
New genus; family not given. Genotype: 
Arenaglobula globula Bourdon & Lys, 1955, ut 
infra. Stampian. 

globula Bourdon and Lys, 49, p. 337, text 
fig. 1. Stampian, France. 

ARMENINA Miklukho-Maklaj, 295, new genus 
of the family Fusulinidae, subfamily Verbeeki- 
ninae. Upper Permian. No further information 
available to compiler. 
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—— karinae Miklukho-Maklaj, 295, genotype of 
Armenina, ut supra. Permian, Soviet Russia. No 
further information available to compiler. 

Astacolus calliopsis Tappan, 414, p. 55, pl. 17, 
figs. 12-17. Liassic, Alaska. (Preoccupied by 
Reuss, 1863; see Homonyma 1955.) 

—— pediacus Tappan, 414, p. 56, pl. 17, figs 1.- 
10. Liassic, Alaska. 

—— peruvianus Weiss, 437, p. 10, pl. 2, figs. 
24,25. Paleocene, Peru. 

Asterigerina praeplanorbis Hagn, 173, p. 348, pl. 
10, fig. 9. Upper Rupelian, Bavaria, Germany. 

Asterorbis see Lepidorbitoides 

Austrotrillina brunni Marie, 59, p. 203, pl. 9, figs. 
4-8. Upper Oligocene, Greece. 

Bathysiphon anomalocoelia Tappan, 414, p. 35, 
pl. 7, figs. 1-3. Upper Jurassic, Alaska. 

Bdelloidina vicentownensis Hofker, 184, p. 7, pl. 3, 
middle figures on left side of plate. Lower 
Paleocene, New Jersey, U.S.A. 

Bolivina dentellata Tavani, 415; no information 
available to compiler. 

—— dinapolii Tavani, 415; no information avail- 
able to compiler. 

—— firma Hofker, 189, p. 72 four figures on 
right side of page 73. Upper Cretaceous, Neth- 
erlands. 

Bolivinoides concinna Knipscheer & Martin, 228, 
p. 261, text fig. 1. Helvetian, Germany. 

BUCHERINA Bronnimann & Brown, 58, p. 

557. New genus of the family Globotrunca- 

nidae. Genotype: Bucherina sandidgei Bronni- 

mann & Brown, 1955, ut infra. Maastrichtian. 

— sandidgei Bronnimann & Brown, 58, p. 557, 

pl. 21, fig. 19; pl. 22. figs. 19-21; text fig. 24. 

Late Maastrichtian, Cuba. 

Bulimina aculeata Orbigny, 1826, var. porrecta 
Luczkowska, 258, p. 148, pl. 7, figs. 9-11. 
Tortonian, Poland. (Note: The varietal name is 
preoccupied by Bulmina porrecta Franzenau, 
1894. See Homonyma 1955.) 

—— crenata Weiss, 437, p. 14, pl. 3, fig. 18. 
Paleocene, Peru. 

—— fissura Weiss, 437, p. 14, pl. 3, fig. 21. Pa- 
leocene, Peru. 

—— honjoensis Iwasa, 213, p. 16, text fig. 1. 
Pliocene, Japan. 

—— jarvisi Cushman & Parker, 1936, var. mis- 
rensis Ansary, 9, p. 88, pl. 3, fig. 12. Upper Eo- 
cene, Egypt. 

—— virguliniformis Weiss, 437, p. 14, pl. 3, figs. 
19,20. Paleocene, Peru. 

Buliminella carteri Bhatia, 38, p. 678, pl. 66, fig. 
10; text fig. 4. Oligocene, England. (Synonym: 
? Buliminella sp. Cushman & Renz, 1947, Spec. 
Publ. 22, Cushman Lab. Foram. Res., p. 23, 
pl. 6, fig. 1.) 

CASSI ERI NELLA Pokorny, 347, p. 136. New 
genus of the family Globigerinidae. Genotype: 
Cassigerinella boudecensis Pokorny, 1955, ut 
infra, Oligocene. 

— boudecensis Pokorny, 347, p. 138, text figs. 
1-3. Oligocene, Czechoslovakia. 

Chilostomella polsoni Weiss, 437, p. 17, pl. 4, figs. 
25-27. Paleocene, Peru. 

Cibicides abudurbensis Nakkady, 1950, var. lim- 
bata Osman, 326, p. 336, pl. 1, figs. 35-37. 


Maastrichtian, Sinai, Egypt. (Note: This vari- 
ety is preoccupied by Cuibicides subspiratus 
Nuttal var. limbatus Cita, 1950. See Homony- 
ma 1955.) 
boueanus (Orbigny) var. crassus Luczkow- 
ska, 258, p. 153, pl. 10, fig. 3. Tortonian, Po- 
land. (Note: The varietal name is preoccupied 
by Cuibicides crassus ten Dam, 1944. See 
Homonyma 1955.) 
pseudoekblomi Osman, 326, p. 336, pl. 1, 
figs. 38-40. Campanian, Sinai, Egypt. 
gabeliatensis Osman, 326, p. 337, pl. 1, figs. 
41-43. Maastrichtian, Sinai, Egypt. 
var. convexa Osman, 326, p. 338, 
pl. 1, figs. 44-46. Maastrichtian, Sinai, Egypt. 
[Note: The varietal name is preoccupied by 
Cibicides convexa (Reuss, 1851, Truncatulina). 
See Homonyma 1955.] 
—— trompi Osman, 326, p. 338, p.1 1, figs. 47-49. 
Maastrichtian, Sinai, Egypt. 
Clavulina qabeliatensis Osman, 326, p. 327, pl. 1, 
figs. 1,2. Upper Cretaceous, Sinai, Egypt. 
Codonofusiella extensa Skinner & Wilde, 388, p. 
930, pl. 89, fig. 10, pl. 90, figs. 1-5, pl. 91, figs. 
1-6. Permian, West Texas, U.S.A. 
Coskinolina sunnilandensis Maync, 282, p. 106, 
pl. 16, figs. 1,2,5—7; pl. 17, figs. 1-9,12. Lower 
Cretaceous (Urgo-Aptian), Florida, U.S.A. 
CRESPININA Wade, 432, p. 45. A new genus 
of the family Rotaliidae, subfamily Chap- 
manininae. Eocene. Genotype: Crespinina 
kingscotensis Wade, 1955, ut infra. 
kingscotensis Wade, 432, p. 46, pl. 8, figs. 
1-10; text figs. 1-3. Eocene, South Australia. 
Cribroelphidium tomitai Tai, 411, p. 419, text fig. 
2. Miocene, Japan. 
Cristellaria alucinans Israelsky, 211, p. 40, pl. 13, 
figs. 33,34. Basal Paleogene, California, U.S.A. 
—— basilodoensis Israelsky, 211, p. 36, pl. 12, 
figs. 51,52. Basal Paleogene, California, U.S.A. 
dissectans Israelsky, 211, p. 42, pl. 14, figs. 
3,4. Basal Paleogene, California, U.S.A. 
—— evanescens Israelsky, 211, p. 42, pl. 13, figs. 
43-45. Basal Paleogene, California, U.S.A. 
incuriosa Israelsky, 211, p. 38, pl. 13, figs. 
11,12. Basal Paleogene, California, U.S.A. 
—— laimingi Israelsky, 211, p. 41, pl. 13, figs. 
37,38. Basal Paleogene, California, U.S.A. 
—— mediolodensis Israelsky, 211, p. 33, pl. 12, 
figs. 24,25. Basal Paleogene, California, U.S.A. 
—— perna Israelsky, 211, p. 38, pl. 13, figs. 13,14. 
Basal Paleogene, California, U.S.A. 
proinops Israelsky, 211, p. 32, pl. 12, figs. 
14,15. Basal Paleogene, California, U.S.A. 
rotabilis Israelsky, 211, p. 38, pl. 13, figs. 
9,10. Basal Paleogene, California, U.S.A. 
socia Israelsky, 211, p. 33, pl. 12, figs. 26-29. 
Basal Paleogene, California, U.S.A. 

—— tendami Israelsky, 211, p. 41, pl. 13, figs. 
39-42. Basal Paleogene, California, U.S.A. 
—— varipapillata Israelsky, 211, p. 42, pl. 14, 
figs. 1,2. Basal Paleogene, California, U.S.A. 
CUVILLIERINA Debourle, 105, p. 55. New 
genus of the family Nonionidae. Genotype: 
Cuvillierina eocenica Debourle, 1955, ut infra. 

Ypresian. 
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eocenica Debourle, 105, p. 55, pl. 2, figs. 1- 
13. Ypresian, France. 

DAGMARELLA Soloveva, 404, a new genus of 
the family Fusulinidae. Genotype: Dagmarella 
prima Soloveva, 1955, ut infra. Moscovia. 
(Publication not seen by compiler). 

—— prima Soloveva, 404. Publication not seen 
by compiler. 

Dictyoconus mosae Hofker, 193, p. 115, text figs. 
1,2. Upper Cretaceous, Holland. For: Poly- 
trema minutum Chapman in Hofker, 1926, Na- 
tuurhist. Maandbl. Limburg, v. 16, p. 125, 
text figs. 1-3. 

Discocyclina trabayensis Neumann, 317, p. 130, 
pl. 6, figs. 2-4; pl. 7, figs. 2-7. Lower Lutetian, 
France. 

Discorbis bembridgensis Bhatia, 38, p. 682, p. 66, 
fig. 26. Oligocene, England. 

Dorothia kaskapauensis Stelck & Wall, 405, p. 26, 
pl. 2, fig. 7. Cenomanian, Western Canada. 
—_ var. gracilis Stelck & Wall, 405, 

p. 37, pl. 2, fig. 8. Cenomanian, Western Can- 


ada. 

Dunbarinella alpina Kochansky-Devidé & Ra- 
movs, 231, p. 410, pl. 1, figs. 9,10; pl. 2, figs. 
1-6. Middle Permian, Yugoslavia. 

Dunbarula nana Kochansky-Devidé & Ramovs, 
231, p. 409, pl. 1, figs. 3-4,7; pl. 8, fig. 1. Middle 
Permian, Yugoslavia. 

Earlandia pulchra Cummings, 93, p. 228, pl. 1 
figs. 1,15,21. Upper part of Lower Carbonifer- 
ous, Scotland. 

EARLA NDIIDAE new fam., Cummings, 93, p. 
227. Upper Paleozoic. Includes the following 
genera: Earlandia Plummer, 1930; E£arl- 
andinella Cummings, 1955; Earlandinita Cum- 
mings, 1955, and Lugtonia Cummings, 1955. 

EARLANDINELLA Cummings, 93, p. 229. New 
genus of the family Earlandiidae. Genotype: 
Nodosinella cylindrica Brady, 1876, Carbon- 
iferous Foram., Pal. Soc., v. 30, p. 104, pl. 7, 
figs. 4-7. Lower Carboniferous. 

EARLANDINITA Cummings, 93, p. 230. New 
genus of the family Earlandiidae. Genotype: 
Nodosinella perelegans Plummer, 1930; Univ. 
Texas Bull. 3019, p. 14, pl. I, fig. 5. Carbon- 
iferous. 

Elphidiella multiscissurata Smout, 401, p. 208, 
text figs. 6-9. Maastrichtian, Arabia. 

Elphidium koberi Tollmann, 423, p. 198, text fig. 
1. Lower Sarmatian, Austria. 

lidoense Cushman, 1936, var. camarguensis, 
Kruit, 234, p. 113, pl. 2, fig. 9. Recent, Rhone 
Delta region, France. 

—— matsukawaense Takayanagi, 412, p. 51, text 

fig. 27. Recent, Japan. 

somaense Takayanagi, 412, p. 52, text fig. 
28. Recent, Japan. 
ENDOTHYRANOPSIS Cummings, 92, p. 1. 
New genus of the family Endothyridae, sub- 
family Bradyininae. Genotype: Involutina 
crassa Brady, 1869, Rept. Brit. Assoc. (Exe- 
ter), p. 382 (not figured). Lower Carbonifer- 
ous. 

Entosolenia qabeliatensis Osman, 326, p. 332, pl. 
1, figs. 15,16. Maastrichtian, Sinai, Egypt. 

EOFABIANIA Kiipper, 237, p. 135. New genus 


of the family Cymbaloporidae. Genotype: Eo- 
fabiania grahami Kiipper, 1955, ut infra. Eo- 
cene. 

—— grahami Kipper, 237, 136, pl. 19, figs, 
1-7; text plate figs. 1- 7. Raaen, California, 
U.S.A. 

Epistominella takayanagii Iwasa, 213, p. 17, text 
fig. 4. Pliocene, Japan. 

Eponides involuta Hofker, 194, p. 115, figs. a—d on 
p. 118. Upper Cretaceous, Holland. 

spiratus Luczkowska, 258, p. 151, pl. 9, 
figs. 7-10. Tortonian, Poland. [ Note: This spe- 
cies is preoccupied by Eponides spiratus (Se- 
esi” 1880, Truncatulina). See Homonyma 
1955. 

ERICHSENELLA Medeiros Tinoco, 290, p. 19. 
New genus of the family Miliolidae. Genotype: 
Erichsenella kegelt Medeiros Tinoco, 1955, ut 
infra. Recent. 

-—— kegeli Medeiros Tinoco, 290, p. 20, pl. 1 
fig. 13; pl. 2, fig. 1. Recent, Brazil. 

—— (?) martinsi Medeiros Tinoco, 290, p. 20, 
pl. 2, fig. 2. Recent, Brazil. 

FISSOELPHIDIUM Smout, 401, p. 208. New 
genus of the family Miscellaneidae. Genotype: 
Fissoelphidium operculiferum Smout, 1955, ut 
infra. Maastrichtian. 

operculiferum Smout, 401, p. 209, text figs. 
1-5. Maastrichtian, Arabia. 

Flabellammina irenensis Stelck & Wall, 405, p. 38, 
pl. 1, figs. 17,20; pl. 3, figs. 1,2. Cenomanian, 
Western Canada. 

kaskapauensis Stelck & Wall, 405, p. 39, pl. 
1, figs. 22,23. Cenomanian, Western Canada. 

warreni Stelck & Wall, 405, p. 40, pl. 1, figs. 
25,26. Cenomanian, Western Canada. 

webbi Stelck & Wall, 405, p. 41, pl. 1, figs. 
18,19,21. Cenomanian, Western Canada. 

Flabellina gahannamensis Ansary, 9, p. 28, pl. 2, 
fig. 9. Upper Eocene, Egypt. (Note: The gen- 
eric name Flabellina Orbigny, 1839, is pre- 
occupied by Voigt, 1834 for a molluscan genus. 
Ansary’s Flabellina, therefore, must either be 
placed in Neoflabellina or Palmula.) 

FOURSTONELLA Cummings, 92, p. 6. New 
genus of the family Trochamminidae, subfam- 
ily Tetrataxinae. Genotype: Stacheia fusi- 
formis Brady, 1876, Carbonif. Foram., Pal. 
Soc., v. 30, p. 114, pl. 8, figs. 1-16. Lower Car- 
boniferous. 

Frankeina dahindensa Loranger, 256, p. 46, pl. 10, 
figs. 1,2. Oxfordian, Western Canada. 

rg og barlowensis Applin, 11, p. 195, pl. 

s. 16,17. eee (Woodbine), S.E. 
Cot oast, U.S 

palegredensis Wi eiss, 437, p. 11, pl. 2, figs. 
26,27. Paleocene, Peru. 

Ganella neumannae Aurouze & Boulanger, 1954, 
var. exponens Aurouze and Boulanger, 24, p. 
335, text figs. 1-3. Lower Lutetian, France. 

Gaudryina barlowensis Applin, 11, p. 192, pl. 48, 
fig. 4. Cretaceous (Woodbine), S.E. Gulf Coast, 
U.S.A. For: Gaudryina bentonensis (Carman) 
in Cushman, 1937, Spec. Publ. 7, Cushman 
Lab. Foram. Res., pp. 42-43. 

dyscrita Tappan, 414, p. 47, pl. 13, figs. 
17,18. Liassic, Alaska. 
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—— irenensis Stelck & Wall, 405, p. 42, pl. 2, 
figs. 4,5. Cenomanian, Western Canada. 

— kelleri Tappan, 414, p. 47, pl. 13, fig. 19. 
Liassic, Alaska. 
— leffingwelli Tappan, 414, p. 48, pl. 14, fig. 5. 
Upper Jurassic, Alaska. 

——— mcleani Hofker, 184, p. 7, pl. 6, figures on 
top of plate. Lower Paleocene, New Jersey, 
U.S.A. For: Gaudryina rugosa Orbigny in 
Cushman, 1937, Spec. Publ. 7, Cushman Lab. 
Foram. Res., p. 36, pl. 6, figs. 1,2. 

—— milleri Tappan. 414, p. 48, pl. 8, figs. 7,8. 
Upper Jurassic, Alaska. 

—— spiritensis Stelck & Wall, 405, p. 43, pl. 2, 
figs. 9,10; pl. 3, figs. 8-12. Cenomanian, West- 
ern Canada. 

—— topogorukensis Tappan, 414, p. 48, pl. 14, 
fig. 4. Upper Jurassic, Alaska. 

Gavelinella umbilicatiformis Hofker, 196, p. 120. 
text fits. a-d on p. 122. Upper Cretaceous, 
Holland. 

Globigerina druryi Akers, 6, p. 654, pl. 65, fig. 1. 
Miocene, Louisiana, U.S.A. 

—— qgabeliatensis Osman, 326, p. 335, pl. 1, figs. 
29-31. Upper Cretaceous, Sinai, Egypt. 

stonei Weiss, 437, p. 18, pl. 5, figs. 16— 
21. Paleocene, Peru. For: Globigerina cf. G. 
pseudobulloides Plummer in Cushman and 
Stone, 1949, Contr. Cushman Lab. Foram. 
Res., vol. 25, p. 57, pl. 10, fig. 15. 

Globigerinita incrusta Akers, 6, p. 655, pl. 65, fig. 
2. Miocene, Louisiana, U.S.A. 

Globigerinoides indigens Luczkowska, 258, p. 152, 
pl. 10, figs. 5-7. Tortonian, Poland. 

Globoquadrina larmeui Akers, 6, p. 661, pl. 65, 
fig. 4. Miocene, Louisiana, U.S.A.. 

obesa Akers, 6, p. 661, pl. 65, fig. 5. Miocene, 
Louisiana, U.S.A. 

Globorotalia canariensis (Orbigny, 1839) var. mi- 
nima Akers, 6, p. 659, pl. 65, fig. 3. Miocene, 
Louisiana, U.S.A. 

—— fohsi (Cushman & Ellisor, 1939) subsp. an- 
dina Biirgl, 63, p. 62, text fig. 1. Transition 
Middle to Upper Oligocene, Colombia. 

Globulina topagorukensis Tappan, 414, p. 84, pl. 
28, fig. 22. Upper Jurassic, Alaska. 

Globotruncana arca (Cushman, 1926) subsp. ca- 
ribica Gandolfi, 147, p. 64, pl. 5, fig. 5. Upper 
Campanian-Lower Maastrichtian, N.E. Co- 
lombia. 

bollit Gandolfi, 147, p. 62, pl. 5, fig. 1. Lower 
Campanian, N.E. Colombia. 

—— bulloides Vogler, 1941, subsp. naussi Gan- 
dolfi, 147, p. 34, pl. 1, fig. 13. Basal Campanian, 
N.E. Colombia. 

caliciformis (Lapparent, 1918), subsp. sar- 
mientot Gandolfi, 147, p. 47, pl. 3, fig. 3. Basal 

Maastrichtian, N.E. Colombia. 
subsp. itrinidadensis Gandolfi, 

147, p. 47, pl. 3, fig. 2. Basal Maastrichtian, 

N.E. Colombia. 
contusa Cushman, 1946, subsp. patelliformis 

Gandolfi, 147, p. 54, pl. 4, fig. 2. Campanian, 

N.E. Colombia. 

subsp. scutilla Gandolfi, 147, p. 

54, pl. 4, fig. 1. Transition Santonian-Campa- 

nian, N.E. Colombia. For: Globotruncana con- 
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tusa Cushman in Bolli, 1951, Jour. Paleon 
tology, v. 25, p. 196, pl. 34, figs. 7-9. 

—— elevata (Brotzen, 134) subsp. stuartiformis 
Dalbiez, 102, p. 169, text fig. 10. Campanian 
to Lower Maastrichtian, Tunisia. 

—— fornicata Plummer, 1931, subsp. ackermanni 
Gandolfi, 147, p. 42, pl. 2, figs. 5-7. Campanian, 
N.E. Colombia. 

subsp. cesarensis Gandolfi, 147, 

p. 45, pl. 2, fig. 10. Campanian, N.E. Colom- 

bia. 


Gandolfi, 


subsp. manaurensis 


147, p. 41, pl. 2, fig. 1, text fig. 9 (1 a-c, 2 a-c). 
Coniacian to Santonian, N.E. Colombia. 
subsp. plummerae Gandolfi, 147, 
p. 42, pl. 2, figs. 3,4. Campanian, N.E. Colom- 
bia 


gansseri Bolli, 1951, subsp. subgansseri 
Gandolfi, 147, p. 70, pl. 6, fig. 7. Uppermost 
Campanian, N.E. Colombia. 
intermedia Bolli, 1951, subsp. difformis 
Gandolfi, 147, p. 49, pl. 3, figs. 4,5. Coniacian, 
N.E. Colombia. 
lapparenti Cita, 1948, subsp. Jlongilocula 
Gandolfi, 147, p. 17, pl. 1, fig. 1, text figs. 3,4, 
(8 a,b). Coniacian-Santonian, N.E. Colombia. 
lobata de Klasz, 224, p. 43, pl. 7, fig. 2. Up- 
per Campanian, Bavaria, Germany. 
marginata (Reuss, 1845) subsp. austinensis 
Gandolfi, 147, p. 29, pl. 1, fig. 6; text fig. 7 
(1 a-c). Basal Campanian, N.E. Colombia. 
For: Globotruncana marginata (Reuss) in 
Cushman, 1946, U. S. Geol. Surv. Prof. Paper 
206, p. 150, pl. 62, fig. 2. 
rosetta (Carsey, 1926) subsp. insignis Gan- 
dolfi, 147, p. 67, pl. 6, fig. 2. Uppermost Cam- 
panian, N.E. Colombia. 
subsp. pettersi Gandolfi, 147, p. 
68, pl. 6, figs. 3,4; text fig. 11-a. Campanian, 
N.E. Colombia. 
stuarti (Lapparent, 1918) subsp. parva Gan- 
dolfi, 147, p. 65, pl. 5, fig. 7. Campanian, N.E. 
Colombia. For: Globotruncana stuarti (Lappa- 
rent) im Bolli, 1951, Jour. Paleontology, v. 25, 
p. 196, pl. 34, figs. 10-12. 
thalmanni Gandolfi, 1955, subsp. thalmanni 
Gandolfi, 147, p. 60, pl. 4, fig. 4. Upper San- 
tonian, N.E. Colombia. 
tricarinata (Quereau, 1893) subsp. colombi- 
ana Gandolfi, 147, p. 20, pl. 1, figs. 3,4; text 
figs. 5(1 a—c), 5(2 a-c). Basal Campanian, N.E. 
Colombia. 
— subsp. desioi Gandolfi, 147, p. 27, 
footnote 3. For: Globotruncana lapparenti tri- 
carinata Cita, 1948 (non tricarinata Quereau, 
1893), Riv. Ital. Pal. Strat., Anno 54, p. 15, 
pl. 4, fig. 4. Upper Cretaceous, Italy. 
ventricosa White, 1928, subsp. carinata Dal- 
biez, 102, p. 168, text fig. 8. Upper Santonian, 
Tunisia. For synonymy see original descrip- 
tion. 
subsp. primitiva Dalbiez, 102, p. 
168, text fig. 6. Upper Coniacian, Tunisia. For: 
Globotruncana ventricosa White in Cita, 1948, 
Riv. Ital. Pal. Strat., v. 54, p. 162, pl. 4, fig. 9. 
— wiedenmayeri Gandolfi, 1955, subsp. mag- 
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dalenaensis Gandolfi, 147, p. 72, pl. 7, fig. 3. 

Basal Campanian, N.E. Colombia. 
wiedenmayert Gandolfi, 

4. Campanian, N.E. Co- 





— x" * 

147, p- 11, eA. 7, fe: 
lombia. 

Globotruncana (Rugoglobigerina) beldingi Gan- 
dolfi, 1955, subsp. beldingi Gandolfi, 147, p. 31, 
pl. 1, fig. 8; text fig. 7(4 a-c). Campanian to 
basal Maastrichtian, N.E. Colombia. 

subsp. subbeldingi Gandolfi, 

147, p. 32, pl. 1, fig. 7; text fig. 7(3a-c). Cam- 

panian, N.E. Colombia. 

) circumnodifer Finlay, 1940, subsp. 
subcircumnodifer Gandolfi, 147, p. 44, pl. 2, fig. 
8. Campanian, N.E. Colombia. 

—- ( ) glaessneri Gandolfi, 1955, subsp. 
glaessneri Gandolfi, 147, p. 50, pl. 3, fig. 10. 
Upper Campanian, N.E. Colombia. 

subsp. subglaessneri Gandolfi, 

147, p. 51, pl. 3, fig. 9. ae Campanian to 

lower Maastrichtian, N.E. Colombia. 

) hexacamerata (Bronnimann, 1952) 
subsp. subhexacamerata Gandolfi, 147, p. 34, 
pl. 1, fig. 11. Campanian, N.E. Colombia. 

—— ( ) loetterli (recte: lJoetterlei) (Nauss, 

1947) subsp. subloetterli (recte: subloetterlei 

Gandolfi, 147, p. 36, pl. 1, fig. 14. Campanian, 

N.E. Colombia. 

( ) macrocephala Bronnimann, 1952, 

subsp. submacrocephala Gandolfi, 147, p. 46, 

pl. 2, fig. 11, Campanian, N.E. Colombia. 

( ) ornata Bronnimann, 1952, subsp. 
subornata Gandolfi, 147, p. 50, pl. 3, fig. 6. 
Campanian to Maastrichtian, N.E. Colombia. 

—— (——) pennyi Bronnimann, 1952, subsp. 
subpennyi Gandolfi, 147, p. 73, pl. 7, fig. 7. 
Campanian, N.E. Colombia. 

(——) petaloidea Gandoifi, subsp. petaloidea 

Gandolfi, 147, p. 52, pl. 3, fig. 13. Uppermost 

Campanian, N.E. Colombia. 

) subsp. subpetaleidea Gandolfi, 

147, p. 52, pl. 3, fig. 12; text fig. 8. Upper Cam- 

panian, N.E. Colombia. 

( ) rotundata Bronnimann, 1952, subsp. 
subrotundata Gandolfi, 147, p. 70, pl. 7, fig. 1. 
Uppermost Campanian to basal Maastrichtian, 
N.E. Colombia. 

— ( ) rugosa (Plummer, 1926), subsp. sub- 
rugosa Gandolfi, 147, p. 72, pl. 7, fig. 5. Cam- 
panian, N.E. Colombia. 

Glomospira pattoni Tappan, 414, p. 40, pl. 8, figs. 
15-17. Upper Jurassic, Alaska. 

Goésella tizukae Takayanagi, 412, p. 50, text fig. 
25. Recent, Japan. 

GUBKINELLA Sulejmanov, 409, (no informa- 
tion available to compiler), new genus of the 
family Heterohelicidae. Genotype: Gubkinella 
asiatica Sulejmanov, 1955, ut infra. Senonian. 

—— asiatica Sulejmanov, 409. (No information 
available to compiler.) 

Giimbelina barnardi Ansary, 9, p. 77, pl. 2, fig. 26. 
Upper Eocene, Egypt. 

—— dagmarae Sulejmanov, 409. (No information 
available to compiler.) 

Gimbelitria cretacea Cushman, 1933, var. spiri- 
tensis Stelck & Wall, 405, p. 44, pl. 2, fig. 11. 
Cenomanian, Western Canada. 
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—— oveyi Ansary, 9, p. 79, pl. 2, fig. 31. Upper 
Eocene, Egypt. 

Gyroidina aegyptiaca Ansary, 9, p. 106, pl. 3, fig. 
26. Upper Eocene, Egypt. 

—— depressa (Alth, 1850) subsp. parvula Weiss, 
437, p. 16, pl. 4, figs. 16-18. Paleocene, Peru. 

——— qabeliatensis Osman, 326, p. 333, pl. 1, figs. 
20-22. Upper Cretaceous, Sinai, Egypt. 

Haplophragmoides canariensis (Orbigny, 1839) 
var. provencensis Kruit, 234, p. 107, pl. 1, fig 3. 
Recent, Rhone Delta region, France. 

collyra Nauss, 1947, var. bahani Stelck & 

Wall, 405, p. 45, pl. 2, figs. 30,31. Cenomanian, 

Western Canada. 

var. bullocki Stelck & Wall, 405, 

p. 46, pl. 2, figs. 24-26; pl. 3, figs. 31,32,38,39. 

Cenomanian, Western Canada. 

crickmayi Stelck & Wall, 405, p. 47, pl. 2, 

figs. 16,17,22,23; pl. 3, figs. 22-24. Cenomanian, 

Western Canada. 

eocalcula Stelck & Wall, 405, p. 49, pl. 2, fig. 

15. Cenomanian, Western Canada. 

kingakensis Tappan, 414, p. 43, pl. 10, figs. 
1-6. Early Jurassic, Alaska. 

—— langsdalensis Applin, 11, p. 191, pl. 48, fig. 
ene (Woodbine), S.E. Gulf Coast, 


—— neolinki Stelck & Wall, 405, p. 50, pl. 2, 
figs. 28,29. Cenomanian, Western Canada. 
pacalis Stelck & Wall, 405, p. 51, pl. 1, figs. 
9,10. Cenomanian, Western Canada. 

HEDBERGINA Bronnimann & Brown, 58, p. 
529. New genus of the family Globotruncani- 
dae. Genotype: Globigerina seminolensis Harl- 
ton, 1927, Jour. Paleontology, v. 1, p. 24, pl. 2, 
fig. 7. Aptian or Albian to Cenomanian. 

HIDAELLA Fujimoto & Igo, 144, p. 45. New 
genus of the family Fusulinidae. Genotype: 
Hidaella kameti Fujimoto & Igo, 1955, ut infra. 
Pennsylvanian. 

—— kameii Fujimoto & Igo, 144, p. 46, pl. 7, 
figs. 1-10. Pennsylvanian, Japan. 

Hopkinsina bortotara Finlay, 1939, var. aegypti- 
aca Ansary, 9, p. 91, pl. 3, fig. 19. Upper Eo- 


cene, Egypt. 

INVOLVOHAUERINA Loeblich & Tappan, 
255, p. 14. New genus. Family not stated. Gen- 
otype: Involvohauerina globularis Loeblich & 
Tappan, 1955, ut infra. Recent. 

globularis Loeblich & Tappan, 255, p. 15, pl. 
2, figs. 3-8. Recent, Atlantic Ocean, 1362 
fathoms. 

KAHLERINA Kochansky-Devidé & Ramovs, 
231, p. 412. New genus of the family Fusuli- 
nidae, subfamily Verbeekininae. Genotype: 
Kahlerina pachytheca Kochansky-Devidé & 
Ramovs, 1955, ut infra. Middle Permian. 

pachytheca Kochansky-Devidé & Ramovs, 

231, p. 414, pl. 2, figs. 7-11; pl. 3, figs. 1-6,9- 

13; pl. 8, figs. 2-5. Middle Permian, Yugo- 

slavia. 






































subsp. pusilla Kochansky-De- 


vidé & Ramovs, 231, p. 415, pl. 3, figs. 7,8. 
Middle Permian, Yugoslavia. 

KUGLERINA Bronnimann & Brown, 58, p. 557. 
New genus of the family Globotruncanidae. 
Genotype: Rugoglobigerina rugosa rotundata 
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Bronnimann, 1952, Bull. Amer. Paleont., v. 34, 
no. 146, p. 34, pl. 4, figs. 7-9; text figs. 15,16. 
Maastrichtian. 

Lagena aphela Tappan, 414, p. 82, pl. 28, figs. 

13,14. Pliensbachian, Alaska. 

Lenticulina qabeliatensis Osman, 326, p. 330, pl. 1, 

figs. 11,12. Upper Cretaceous, Sinai, Egypt. 

Lingulina melendezi Moreno Cardona, 304, p. 53, 

pl. 16, figs. 1-8. No age given. Spain. 

—— polita Tappan, 414, p. 76, pl. 27, figs. 1,2. 

Liassic, Alaska. 

Lituotuba irregularis Tappan, 414, p. 41, pl. 9, 

figs. 5-9. Liassic, Alaska. For synonymy see 

original description. 

LOEBLICHIA Cummings, 92, new genus of the 

family Endothyridae, subfamily Loeblichinae. 

Genotype: Endothyra ammonoides Brady, 1873, 

Mem. Geol. Surv. Scotland Explan. Sheet 23, 

p. 63; figured in Brady, 1876. Carbonif. 

Foram., Pal. Soc., v. 30, p. 94, pl. 5, figs. 5,6. 

Lower Carboniferous. 

LOEBLICHINAE new subfamily, Cummings, 

92, p. 3. Includes: Loeblichia Cummings, 1955, 

ut supra. Lower Carboniferous. 

LUGTONIA Cummings, 93, p. 231. New genus 

of the family Earlandiidae. Genotype: No- 

dosinella concinna Brady, 1876, Carboniferous 

Foram., Pal. Soc., v. 30, p. 106, pl. 7, figs. 11- 

15. Lower Carboniferous. 

—— elongata Cummings, 93, p. 233, pl. 1, fig. 12. 

Namurian, Scotland. 

minima Cummings, 93, p. 232, pl. 1, fig. 10. 
Visean and Namurian, Scotland. 

Marginulina adunca (Franzenau) subsp. aquilina 
Weiss, 437, p. 10, pl. 3, figs. 4,5. Paleocene, 
Peru. For: Psecadtum aduncum {Costa) in 
Galloway & Morrey, 1931, Jour. Paleontology, 
v. 5, p. 336, pl. 37, fig. 13 (non Glandulina 
adunca Costa, 1856). Note: To the compiler’s 
knowledge there is no Marginulina adunca 
erected by Franzenau. 

—— bergquisti Tappan, 414, p. 57, pl. 22, figs. 
1-8. Liassic, Alaska. 

—— calva Tappan, 414, p. 58, pl. 18, fig. 12. 
Liassic, Alaska. 

—— pinguicula Tappan, 414, p. 61, pl. 18, fig. 4. 
Upper Jurassic, Alaska. 

—— pletha Tappan, 414, p. 60, pl. 18, fig. 10,11. 
Liassic, Alaska. 

psila Tappan, 414, p. 61, pl. 19, figs. 6-16. 
Liassic, Alaska. 

Marssonella rugosa Homola & Hanzlikova, 203, 
p. 395, pl. 2, figs. 5,7. Danian-Paleocene, 
Czechoslovakia. 

Miliolinella circularis (Bornemann, 1855) var. 
elongata Kruit, 234, p. 110, pl. 1, fig. 15. Re- 
cent, Rhone Delta area, France. 

Neoschwagerina craticulifera (Schwager, 1883) 
subsp. occidentalis Kochansky-Devidé & Ra- 
movs, 231, p. 418, pl. 7, figs. 1-6. Middle Per- 
mian, Yugoslavia. 

NEOTROCHOLINA Reichel, 355, p. 404 (pub- 
lished 1956). New genus of the family Ophthal- 
midiidae. Genotype: Neotrocholina valdensis 
Reichel, 1955, ut infra. Kimmeridgian to Ceno- 
manian. 

—— valdensis Reichel, 355, p. 404, pl. 16, figs. 
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1—-5,7; text fig. 5 (published 1956). Valanginian, 
Switzerland. 

Nodosaria berthelinit Tappan, 414, p. 69, pl. 25, 
figs. 13-16. Pliensbachian, Alaska. For syn- 
onymy see original description. 

—— pachistika Tappan, 414, p. 71, pl. 25, figs. 
10-12. Liassic, Alaska. 

—— phobytica Tappan, 414, p. 71, pl. 24, figs. 8- 
10. Late Pliensbachian, Alaska. 

setulosa Tappan, 414, p. 73, pl. 24, figs. 1-5. 
Late Pliensbachian, Alaska. 

Nonion fayoumensis Ansary, 9, p. 68, pl. 2, fig. 28. 
Upper Eocene, Egypt. 

—— laeve (Orbigny, 1826) var. subexcavatum 
— 38, p. 678, pl. 66, fig. 5. Oligocene, Eng- 
and. 

maadiensis Ansary, 9, p. 69, pl. 2, fig. 20. 

Upper Eocene, Egypt. 

trompi Ansary, 9, p. 73, pl. 2, fig. 25. Upper 
Eocene, Egypt. 

Nummoloculina dolianitii Medeiros Tinoco, 290, 
p. 19, pl. 1, fig. 12. Recent, Brazil. 

Nummiulites elisabetae Fuchs, 143. No information 
available to compiler. 

NUMMULITOIDES Abrard, 2, p. 489. New 
subgenus of Operculina Orbigny, 1826. Family 
Nummulitidae. Subgenotype: Operculina 
(Nummulitoides) tessieri Abrard, 1955, ut in- 
fra. Lower Eocene. 

Operculina (Nummulitoides) tessieri Abrard, 2, 
p. 489, pl. 23, figs. 1-9; text fig. 1. Lower Eo- 
cene, Ivory Coast, Africa. 

Orbitoides apiculata Schlumberger, 1901, subsp. 
griinbachensis Papp, 331, p. 305, pl. 2, figs. 1- 
10,12; pl. 3, fig. 2. Lower Maastrichtian, Au- 
stria. 

—— media Archaic, 1837 subsp. planiformis 
Papp, 331, p. 304, pl. 1, figs. 1,3-6; pl. 3, fig. 1. 
Lower Maastrichtian, Austria. 

ORIENTOSCHWAGERINA  Miklukho-Mak- 
laj, 295, p. 573. New genus of the family Fusu- 
linidae, subfamily Schwagerininae. Genotype: 
Orientoschwagerina abicht Miklukho-Maklaj, 

1955, ut — Lower Permian. 
abichi Miklukho-Maklaj, 295, p. 574, text 
fig. 1. Lower Permian, Soviet Russia. 

Orthomorphina stainforthi Perconig, 339, p. 259, 
pl. 1, figs. 1-8. Pliocene (upper) to Pleistocene, 














Italy. 

PANDAGLANDULINA Loeblich & Tappan, 
254, p. 7. New genus of the family Nodosari- 
idae. Genotype: Pandaglandulina dinapolii 
Loeblich & Tappan, 1955, ut infra. Lower Plio- 
cene. 

dinapoliit Loeblich & Tappan, 254, p. 7, pl. 
1, figs. 12-16. Lower Pliocene, Italy. 

PARAARCHAEDISCUS Orlova, 325, publica- 
tion not seen by compiler. New genus of the 
family Archaediscidae. Genotype: Paraar- 
chaediscus dubitabilis Orlova, 1955, ut infra. 
Carboniferous. 

—— dubitabilis Orlova, 325. No information 
available to compiler. 

PARADOXIELLA Skinner & Wilde, 388, p. 
934. New genus of the family Fusulinidae. Gen- 
otype: Paradoxiella pratti Skinner & Wilde, 
1955, ut infra. Uppermost Guadalupian. 
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pratti Skinner & Wilde, 388, p. 934, pl. 91, 
figs. 7-9; pl. 92, figs. 1-10; pl. 93, fig. 1. Per- 
a (uppermost Guadalupian), West Texas, 
U.S.A 


Pararotalia subinermis Bhatia, 38, p. 683, pl. 67, 
fig. 3. Oligocene, England. 

PARAVERBEEKINA Miklukho-Maklaj, 295, 
p. 574. New genus of the family Fusulinidae, 
subfamily Verbeekininae. Genotype: Paraver- 
beekina pontica Miklukho-Maklaj, 1955, ut in- 
fra. Permian. 

pontica Miklukho-Maklaj, 295, p. 574, text 
fig. lv. Upper Permian, Crimea, Transcau- 
casia and Pamir, Soviet Russia. 

PHAINOGULLMIA Nyholm, 320, p. 467. New 
genus of the family Allogromiidae. Genotype: 
Phainogullmia aurata Nyholm, 1955, ut infra. 
Recent. 

—— aurata Nyholm, 320, p. 466, pls. 1-5, text 
figs. 1-18. Recent, Sweden. 

Placopsilina langsdalensis Applin, 11, p. 193, pl. 
48, figs. 7-9. Cretaceous (Woodbine), S.E. Gulf 
Coast region, U.S.A. 

PLANCTOSTOMA Loeblich & Tappan, 255, p. 
8. New genus. Family not stated. Genotype: 
Textularia luculenta Brady, 1884, Rep. Voyage 
Challenger, v. 9, Zool., p. 364, pl. 43, figs. 5-8. 
Recent. 

Planularia vadaszi Sido, 385, no information 
available to compiler. 

Planulina synaensis Ansary, 9, p. 129, pl. 4, fig. 
14. Upper Eocene, Egypt. 

Pseudoclavulina szakalli Homola & Hanzlikova, 
203, p. 393, pl. 3, fig. 3. Lower Eocene, Czecho- 
slovakia. For: Pseudoclavulina sp. Cuvillier & 
Szakall, 1949, Foram. d’Aquitaine, pt. 1, p. 23, 
pl. 9, fig. 4. 

Pseudodomia complanata Eames & Smout, 122, 
p. 505, pl. 9, figs. 1-3; pl. 10, figs. 1,2; pl. 11, 
figs. 1-6. Campanian, Kuwait. 

Pseudoglandulina qabeliatensis Osman, 326, p. 
331, pl. 1, figs. 13,14. Maastrichtian, Sinai, 
Egypt. 

—— synaensis Ansary, 9, p. 55, pl. 1, fig. 25. 
Upper Eocene, Egypt. 

Pseudorbitoides ruttent Bronnimann, 56, p. 68, pls. 
11 and 12; text figs. 8-17. Upper Cretaceous, 
Cuba. For: Pseudorbitoides israelskyi Rutten, 
ag Jour. Paleontology, v. 9, p. 544, pl. 62, 





2. 5. 

Pseudoparrella oveyi Bhatia, 38, p. 684, pl. 66, 
fig. 29; text fig. 7. Oligocene, England. 

PSEUDOSIDERITES Smout, 401, p. 206. New 
genus of the family Miscellaneidae. Genotype: 
Siderolites vidali H. Douvillé, 1906. Bull. Soc. 
géol. France, ser. 4, v. 6, p. 599, pl. 18, fig. 9. 
Upper Cretaceous. 

Quinqueloculina carinata Orbigny, 1826, var. 
planata Kruit, 234, p. 109, pl. 1, fig. 13. Recent, 
Rhone Delta region, France. 

fukushimaensis Takayanagi, 412, p. 51, 

text fig. 26. Recent, Japan. 

moremani Cushman, 1937, var. barlowensis 

Applin, 11, p. 192, pl. 48, figs. 10,11. Creta- 

— (Woodbine), S.E. Gulf Coast region, 








sakai Tai, 411, p. 418, text fig. 1. Miocene, 
Japan. 

RECTOGLANDULINA Loeblich & Tappan, 
254, p. 3. New genus of the family Nodosari- 
idae. Genotype: Rectoglandulina appressa 
Loeblich & Tappan, 1955, ut infra. Upper Cre- 
taceous. 

appressa Loeblich & Tappan, 254, p. 4, pl. 

1, figs. 1-4. Upper Cretaceous, Arkansas, 

U.S.A. For synonymy see original description. 

brandi Tappan, 414, p. 74, pl. 26, fig. 12. 
Upper Jurassic, Alaska. 

—— obesa Loeblich & Tappan, 254, p. 5, pl. 1, 
figs. 5,6. Upper Cretaceous, Arkansas, U.S.A. 

Reichelina lamarensis Skinner & Wilde, 388, p. 
929, pl. 89, figs. 1-9. Permian, West Texas, 
U.S.A 











Reophax dalriensis Cummings, 93, p. 235, pl. 1, 
fig. 8. Lower Carboniferous, Scotland. 

—— densa Tappan, 414, p. 35, pl. 8, figs. 1-6. 
Early Jurassic, Alaska. 

—— lawensis Cummings, 93, p. 234, pl. 1, figs. 
7,13,16,18; text fig. 9. Lower Carboniferous, 
Scotland. 

RETICULOPHRAGMIUM Maync, 283, p. 557. 
New genus. Family not given. Genotype: Al- 
veolophragmium venezuelanum Maync, 1952, 
Contr. Cushman Found. Foram. Res., v. 3, p. 
142, pl. 26, figs. 1-8. Paleocene to Miocene. 

Reussella spinulosa (Reuss, 1850), var. incrassata 
Luczkowska, 258, p. 149, pl. 8, fig. 5. Torto- 
nian, Poland. 

—— tumida Tavani, 415, publication not seen by 
compiler. 

RHABDORBITOIDES Bronnimann, 57, p. 97. 
New genus of the family Pseudorbitoididae. 
Genotype: Rhabdorbitoides hedbergi Bronni- 
mann, 1955, ut infra. Upper Cretaceous. 

hedbergi Bronnimann, 57, p. 98, pl. 15, figs. 
1-14; text figs. 1-5. Upper Cretaceous, Cuba. 

Robulus arcanus Israelsky, 211, p. 59, pl. 17, figs. 
11,12. Basal Paleogene, California, U.S.A. 

absonus Israelsky, 211, p. 57, pl. 16, figs. 

27,28. Basal Paleogene, California, U.S.A. 

comis Israelsky, 211, p. 56, pl. 16, figs. 13,14. 

Basal Paleogene, California, U.S.A. 

conspissatus Israelsky, 211, p. 45, pl. 14, 

figs. 21,22. Basal Paleogene, California, U.S.A. 

cultus Israelsky, 211, p. 61, pl. 17, figs. 27, 

28. Basal Paleogene, California, U.S.A. 

defrawii Osman, 326, p. 328, pl. 1, figs. 3,4. 

Upper Cretaceous, Sinai, Egypt. 

faragi Osman, 326, p. 328, pl. 1, figs. 5,6. 

Upper Cretaceous, Sinai, Egypt. 

fatigatus Israelsky, 211, p. 61, pl. 17, figs. 
25,26. Basal Paleogene, California, U.S.A. 

—— fictus Israelsky, 211, p. 53, pl. 15, figs. 37,38. 
Basal Paleogene, California, U.S.A. 

fractus Israelsky, 211, p. 68, pl. 18, figs. 45, 

46. Basal Paleogene, California, U.S.A. 

fresnoensis Israelsky, 211, p. 69, pl. 18, figs. 

53,54. Basal Paleogene, California, U.S.A. 

frustratus Israelsky, 211, p. 64, pl. 18, figs. 

9,10. Basal Paleogene, California, U.S.A. 

globangulata Israelsky, 211, p. 46, pl. 14, 






































figs. 27,28. Basal Paleogene, California, U.S.A. 
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__— habilis Israelsky, 211, p. 60, pl. 17, figs. 
13,14. Basal Paleogene, California, U.S.A. 
-ibrahimi Osmand, 326, p. 329, pl. 1, figs. 
7,8. Campanian, Sinai, Egypt. 
— inenodabilis Israelsky, 211, p. 44, pl. 14, 
figs. 15,16. Basal Paleogene, California. 
— infortunatus Israelsky, 211, p. 55, pl. 16, 
figs. 3,4. Basal Paleogene, California, U.S.A. 
—— inhabilis Israelsky, 211, p. 61, pl. 17, figs. 
23,24. Basal Paleogene, California, U.S.A. 
—— iracundus Israelsky, 211, p. 61, pl. 17, figs. 
21,22. Basal Paleogene, California, U.S.A. 
—— interritus Israelsky, 211, p. 73, pl. 19, figs. 
31-34. Basal Paleogene, California, U.S.A. 
—— jocosus Israelsky, 211, p. 53, pl. 15, figs. 
39,40. Basal Paleogene, California, U.S.A. 
—— latexpandus Israelsky, 211, p. 55, pl. 16, 
figs. 11,12. Basal Paleogene, California, U.S.A. 
— ligatus Israelsky, 211, p. 64, pl. 18, figs. 5-8. 
Basal Paleogene, California, U.S.A. 

—— loismartinae Israelsky, 211, p. 72, pl. 19, 
figs. 29,30. Basal Paleogene, California, U.S.A. 

—— manifestus Israelsky, 211, p. 59, pl. 17, figs. 
9,10. Basal Paleogene, California, U.S.A. 

—— mediocris Israelsky, 211, p. 49, pl. 14, figs. 
53,54. Basal Paleogene, California, U.S.A. 

morsus Israelsky, 211, p. 48, pl. 14, figs. 47, 
48. Basal Paleogene, California, U.S.A. 

—— mundialis Israelsky, 211, p. 50, pl. 15, figs. 
9,10. Basal Paleogene, California, U.S.A. 

—— mysticus Israelsky, 211, p. 57, pl. 16, figs. 
21-24. Basal Paleogene, California, U.S.A. 

—— nobilitatus Israelsky, 211, p. 53, pl. 15, figs. 
33,34. Basal Paleogene, California, U.S.A. 

—— odiosus Israelsky, 211, p. 66, pl. 18, figs. 21- 
26. Basal Paleogene, California, U.S.A. 

—— paucicameratus Israelsky, 211, p. 56, pl. 16, 
figs. 17,18. Basal Paleogene, California, U.S.A. 

—— plicatus Israelsky, 211, p. 72, pl. 19, figs. 
27,28. Basal Paleogene, California, U.S.A. 

—— ponderosus Israelsky, 211, p. 62, pl. 17, figs. 
29-32. Basal Paleogene, California, U.S.A. 

—— proclivis Israelsky, 211, p. 56, pl. 16, figs. 
19,20. Basal Paleogene, California, U.S.A. 

—— projectus Israelsky, 211, p. 65, pl. 18, figs. 
17,18. Basal Paleogene, California, U.S.A. 

—— prosperus Israelsky, 211, p. 50, pl. 15, figs. 
7,8. Basal Paleogene, California, U.S.A. 

—— pudibundus Israelsky, 211, p. 45, pl. 14, 
figs. 23,24. Basal Paleogene, California, U.S.A. 

—— pustulatus Israelsky, 211, p. 62, pl. 17, figs. 
35,36. Basal Paleogene, California, U.S.A. 

—— remissus Israelsky, 211, p. 43, pl. 14, figs. 
11,12. Basal Paleogene, California, U.S.A. 

—— requietus Israelsky, 211, p. 49, pl. 14, figs. 
51,52. Basal Paleogene, California, U.S.A. 

—— revolutus Israelsky, 211, p. 49, pl. 15, figs. 
3-6. Basal Paleogene, California, U.S.A. 

—— roscidus Israelsky, 211, p. 69, pl. 18, figs. 
49,50. Basal Paleogene, California, U.S.A. 
—— ruinosus Israelsky, 211, p. 47, pl. 14, figs. 

39,40. Basal Paleogene, California, U.S.A. 
sanus Israelsky, 211, p. 68, pl. 18, figs. 41,42. 
Basal Paleogene, California, U.S.A. 

serenus Israelsky, 211, p. 64, pl. 18, figs. 3,4. 
Basal Paleogene, California, U.S.A. 
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—— spasticus Israelsky, 211, p. 67, pl. 18, figs. 
33,34. Basal Paleogene, California, U.S.A. 

—— submissus Israelsky, 211, p. 47, pl. 14, figs. 
37,38. Basal Paleogene, California, U.S.A. 

—— supralodoensis Israelsky, 211, p. 58, pl. 16, 
figs. 35-40. Basal Paleogene, California, U.S.A. 

—— tardus Israelsky, 211, p. 66, pl. 18, figs. 27, 
28. Basal Paleogene, California, U.S.A. 

—— torensis Osman, 326, p. 330, pl. 1, figs. 9,10. 
Campanian, Sinai, Egypt. 

transilis Israelsky, 211, p. 69, pl. 18, figs. 
51,52. Basal Paleogene, California, U.S.A. 

—— trompi, Ansary, 9, p. 58, pl. 1, fig. 20. Upper 
Eocene, Egypt. 

—— tumeyensis Israelsky, 211, p. 45, pl. 14, figs. 
25,26. Basal Paleogene, California, U.S.A. 

turpis Israelsky, 211, p. 59, pl. 17, figs. 5-8. 

Basal Paleogene, California, U.S.A. 

usitatus Israelsky, 211, p. 48, pl. 14, figs. 

45,46. Basal Paleogene, California, U.S.A. 

valens Israelsky, 211, p. 44, pl. 14, figs. 19, 

20. Basal Paleogene, California, U.S.A. 

vanus Israelsky, 211, p. 44, pl. 14, figs. 17, 
18. Basal Paleogene, California, U.S.A. 

—— vatius Israelsky, 211, p. 72, pl. 19, figs. 25,26. 
Basal Paleogene, California, U.S.A. 

youngquisti Weiss, 437, p. 9, pl. 2, figs. 13- 
16. Paleocene, Peru. 

Rotalia faramanensis Kruit, 234, p. 116, pl. 2, fig. 
16. Recent, Rhone Delta region, France. 

gabeliatensis Osman, 326, p. 334, pl. 1, figs. 
23-25. Maastrichtian, Sinai, Egypt. 

Rotalia ? minuta Takayanagi, 412, p. 52, text fig. 
29. Recent, Japan. 

Rugoglobigerina see Globotruncana 

RUGOTRUNCANA Bronnimann & Brown, 58, 
p. 546. New genus of the family Globotrunca- 
nidae. Genotype: Rugotruncana tilevi Bronni- 
mann & Brown, 1955, ut infra. Campanian to 
Maastrichtian. 

ellist Bronnimann & Brown, 58, p. 547, pl. 
22, figs. 7-9. Lower Maastrichtian, Texas. 

—— nothi Bronnimann & Brown, 58, p. 551, pl. 
22, figs. 16-18. Upper Maastrichtian, Cuba. 

skewesae Bronnimann & Brown, 58, p. 550, 

pl. 23, figs. 4-6. Middle Maastrichtian, Texas. 

For: Globigerina rosetta Carsey in Plummer, 

1927, Univ. Texas Bull. 2644, p. 36, pl. 2, fig. 

9; and for: Globotruncana arca Cushman in 

Jennings, 1936. Bull. Amer. Paleontology, v. 

23, no. 78, p. 37, pl. 4, fig. 14. 

tilevi Bronnimann & Brown, 58, p. 547, pl. 
22, figs. 1-3. Late Maastrichtian, Cuba. For: 
Globtruncana cf. globigerinoides Brotzen in 
Bolli, 1951, Jour. Paleontology, v. 25, p. 198, 
pl. 35, figs. 16-18. 

SACCAMMINOIDES Geroch, 150, p. 54. New 
genus of the family Saccamminidae. Genotype: 
Saccamminoides carpathicus Geroch, 1955, ut 
infra. Eocene. 

carpathicus Geroch, 150, p. 54, pl. 5, figs. 
1,2; text fig. 1. Ypresian, Czechoslovakia. 

Saracenaria barnardi Ansary, 9, p. 59, pl. 2, fig. 
5. Upper Eocene, Egypt. 

—— phaedra Tappan, 414, p. 64, pl. 26, fig. 22. 
Upper Jurassic, Alaska. 









































segmentata Tappan, 414, p. 65, pl. 26, figs. 
23-25. Sinemurian, Alaska. 

—— topagorukensis Tappan, 414, p. 65, pl. 26, 
fig. 26. Upper Jurassic, Alaska. 

Schackoina tappanae Montanaro Gallitelli, 297, 
p. 142, pl. 1, figs. 1-10. Upper Senonian, Italy. 

Schenckiella stainforthi Weiss, 437, p. 8, pl. 2, 
figs. 3-8. Paleocene, Peru. 

Schwagerina salopeki Kochansky-Devidé, 230, p. 
44, pl. 5, figs. 1-8. Uralian, Yugoslavia. 

Sigmoilina ? frequens Israelsky, 211, p. 31, pl. 12, 
figs. 1-13. Basal Paleogene, California, U.S.A. 

Sidesntnsiiee bentonstonet Redmond, 353, p. 
249, text figs. 3-5. Coniacian, Colombia. 

Siphotextularia inopinata Luczkowska, 258, p. 
148, pl. 5, fig. 5; text fig. 4. Tortonian, Poland. 

Spiroplectammina phauloides Stelck & Wall, 405, 
p. 54, pl. 2, figs. 38,39. Cenomanian, Western 
Canada. 

—— scaligera Luczkowska, 258, p. 147, pl. 6, 
fig. 4. Tortonian, Poland. 

SPIROSIGMOILINELLA Matsunaga, 276, p. 
49. New genus of the family Silicinidae, sub- 
family Rzehakininae. Genotype: Spirosigmoili- 
nelia compressa Matsunaga, 1955, ut infra. 
Lower to Middle Miocene. 

compressa Matsunaga, 276, p. 50, text fig. 
1,2. Middle Miocene, Japan. 

STACHEOIDES Cummings, 94, p. 343. New 
genus of the family Ophthalmidiidae, sub- 
family Nubeculariinae. Genotype: Stacheia 
polytrematoides Brady, 1876, Carboniferous 
Foram., Pal. Soc. v. 30, p. 110, pl. 9, figs. 10- 
13. Carboniferous. 

—— ‘€ Cummings, 94, p. 344, text figs. 
4—6. Carboniferous, England. 

Textularia areoplecta Tappan, 414, p. 47, pl. 13, 
figs. 13-16. Liassic, Alaska. 

—— gravenori Stelck & Wall, 405, p. 55, pl. 2, 
fig. 36. Cenomanian, Western Canada. 

—— rollaensis Stelck & Wall, 405, p. 55, pl. 2, 
figs. 34,35. Cenomanian, Western Canada. 

TRILOCULARENA Loeblich & Tappan, 255, 
p. 13. New genus. Family not stated. Geno- 
type: Miliammina circularis Heron-Allen & 
Earland, 1930, Jour. Roy. Micr. Soc., (3), v. 
50, p. 44, text figs. 18-21. Recent. 

Triloculina sommeri Medeiros Tinoco, 290, p. 24, 
pl. 2, figs. 8,9. Recent, Brazil. 

Tritaxia pyramidata Reuss, 1863, var. diminuta 
Stelck & Wall, 405, p. 56, pl. 3, figs. 13-15. 
Cenomanian, Western Canada. 

Tritaxilina maxima Salvatori, 372, p. 35, plate 
fig. la—e. Oligocene, Italy. 

Triticites brevispira Kochansky-Devidé, 230, p. 
40, pl. 4, figs. 1-6. Uralian, Yugoslavia. 

Trochammina canningensis Tappan, 414, p. 49, 
pl. 14, figs. 15-19. Jurassic, Alaska. For syn- 
onymy see original description. 

gryct Tappan, 414, p. 50, pl. 14, figs. 12-14. 

Oxfordian, Alaska. 

rutherfordi Stelck & Wall, 405, p. 56, pl. 1, 
figs. 11-16; pl. 3, figs. 20,21,36,37. Cenomani- 
an, Western Canada. 

—— sablei Tappan, 414, p. 50, pl. 14, figs. 6-9. 
Lower Jurassic, Alaska. 

—— subvesicularis Homola & Hanzlikova, 203, 
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p. 402, pl. 7, figs. 1-3. Paleocene, Czecho- 
slovakia. 

—— topagorukensis Tappan, 414, p. 51, pl. 14, 
figs. 10,11. Upper Jurassic, Alaska. 

—— wetteri Stelck & Wall, 405, p. 59, pl. 2, figs, 
1-3,6. Cenomanian, Western Canada. 

Trocholina burgert Emberger, 127, p. 250, text 
figs. 1-3. Valanginian, Algeria. 

Uvigerina bellicostata Luczkowska, 258, p. 150 
pl. 8, figs. 10-13. Tortonian, Poland. 

—— longistriata Perconig, 338, p. 182, pl. 2, figs. 
1-4. Miocene, Italy. 

—— mediterranea Hofker, 1932, var. compressa 
Ansary, 9, p. 96, pl. 3, fig. 15. Upper Eocene, 
Egypt. (Note: The varietal name is preoccu- 
pied by Uvigerina compressa Cushman, 1925, 
See Homonyma 1955.) 

pudica Luczkowska, 258, p. 150, pl. 8, fig. 7. 

Tortonian, Poland. 

striatissima Perconig, 338, p. 187, pl. 3, figs. 
1-4. Helvetian, Italy. 

Uvigerinella quadrata Iwasa, 213, p. 17, text fig. 3. 
Miocene, Japan. 

Vaginulina colomi Moreno Cardona, 304, p. 54, 
pl. 16, figs. 9-13. No age given. Spain. 

Vaginulinopsis baggi McLean, 286, p. 30, pl. 6, 
ier in center of plate. Miocene. Maryland, 
USA. 

—— ? crisfieldensis McLean, 286, p. 31, pl. 6, 
figures on bottom of plate. Eocene (?), Mary- 
land, U.S.A. 

Valvulina meentzeni Klingler, 226, p. 201, pl. 12, 
fig. 13. Middle Kimmeridgian, Northwestern 








Germany. 

Valvulineria latidorsata Bourdon & Lys, 49, p. 
338, text fig. 2. Stampian, France. 

—— palegredensis Weiss, 437, p. 16, pl. 4, figs. 
11-15. Paleocene, Peru. 

gabeliatensis Osman, 326, p. 332, pl. 1, figs. 
17-19. Maastrichtian, Sinai, Egypt. 

—— subglobula Homola & Hanzlikova, 203, p. 
412, pl. 8, figs. 11,12. Upper Eocene to Oligo- 
cene, Czechoslovakia. 

Verneuilinoides perplexus (Loeblich, 1946) var. 
gleddiet Stelck & Wall, 405, p. 61, pl. 2, figs. 
40,41. Cenomanian, Western Canada. 

Victoriella aquitanica Debourle & Delmas, 106, 
p. 47, pl. 1-a, figs. 1-3. Oligocene (Aquitanian), 
France. 

Virgulina akitaensis Iwasa, 213, p. 17, text fig. 2. 
Upper Miocene to Lower Pliocene, Japan. 

dorreeni Weiss, 437, p. 16, pl. 4, figs. 6-8. 

Paleocene, Peru. 








NOMINA NOVA 1955 


Ammobaculites godmani Barnard, in Thalmann, 
420, p. 53. Upper Oxfordian, England. New 
name for Ammobaculites minuta Barnard, 1953, 
Proc. Geologists’Assoc. London, v. 66, p. 185, 
fig. A, no. 3, non Ammobaculites minuta Waters, 
1927, Jour. Paleontology, v. 1, p. 133, pl. 22, 
fig. 3 from the lower Pennsylvanian of Okla- 
homa. 

Bolivina daggarius F. L. Parker, 337, p. 52. Re- 
cent. Gulf of Mexico. New name for: Bolivina 
lanceolata F. L. Parker, 1954, Bull. Mus. Com- 
parat. Zool., v. 111, no. 10, p. 514, pl. 7, figs. 
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17-20, non Bolivina lanceolata Napoli Alliata, 
1952, Riv. Ital. Paleont. e Stratigr., v. 58, p. 
98, pl. 5, fig. 10 from the Calabrian of northern 
Italy. 

Bulimina gibba Fornasini, 1901, var. corsiniana 
Perconig, 339, p. 258, pl. 1, figs. 18-20. Plio- 
Pleistocene, Italy. For: Bulimina fusiformis 
Williamson, 1858, var. baccata Fornasini, 1901, 
Atti R. Accad. Sci. Ist. Bologna, (5), v. 9, p. 
378, pl. O, figs. 2,5,30; non Bulimina baccata 
Yokoyama, 1890. 

Citharina frankei Tappan, 414, p. 79, pl. 28, fig. 
11. Liassic, Alaska. New name for Cristellaria 
triquetra Terquem, 1870 (non Giimbel, 1861, 
and 1862) Mém. Acad. Imp. Metz, v. 50, ser. 
2, no. 17, p. 430, pl. 9, figs. 25,26; and for 
Vaginulina triquetra (Terquem) im Franke, 
1936, Abh. Preuss. Geol. Landesanst., N.F., 
no. 169, p. 84, pl. 8, fig. 28. 

Dentalina bartensteini Tappan, 414, p. 65, pl. 21, 
fig. 28. Liassic, Alaska. New name for Den- 
talina sublinearis Franke, 1936 (non Schwager, 
1865), Abh. Preuss. Geol. Landesanst., N.F., 
no. 169, p. 31, pl. 2, fig. 24. 

Darbyella volgensis Tappan, 414, p. 51, pl. 15, 
fig. 10. Upper Jurassic, Alaska. New name for 
Cristellaria magna Myatliuk, 1939 (non Costa, 
1856), Neft. geol.-rzved. Inst. Trudy, ser. A, 
v. 120, p. 52, pl. 3, figs. 32,34. 

Dorothia pupa (Reuss, 1860) var. britannica 
Barnard and Banner, in Thalmann, 420, p. 53. 
New name for Dorothia pupa (Reuss, 1860) var. 
tenuis Barnard and Banner, 1953, Quart. Jour. 
Geol. Soc. London, v. 109, p. 192, pl. 8, fig. 5; 
text fig. 4-H from the Upper Cretaceous of 
England, non Dorothia tenuis Bermudez, 1949, 
Spec. Publ. 25, Cushman Lab. Foram. Res., 
p. 86, pl. 4, figs. 39,40 from the Lower Eocene 
of Haiti. 

Elphidium ? toddae Petri in Thalmann, 421, p. 82. 
Miocene, Brazil. New name for Elphidium ? 
limbatum Petri, 1954, Univ. Sao Paulo, Faculd. 
Fil., Cienc. Letr., Bol. 176, Geol. no. 11, p. 75, 
pl. 5, figs. 1,2; non Elphidium macellum (Fich- 
tel & Moll) var. limbatum (Chapman, 1907), 
Quekett Micr. Club, Jour., (2), v. 10, p. 142, 
pl. 10, fig. 9. 

Globotruncana mariai Gandolfi, 147, p. 33. Cam- 
panian, France. New name for Rosalinella 
globigerinoides (Brotzen) in Marie, 1941, Mus. 
Nation. Hist. Nat. Paris, Mém. 12, fasc. 1, p. 
239, pl 36, fig. 338. 

LAMARCKINITA Keyzer, 219, p. 119. New 
name for Ruttenella Keyzer, 1943, Leidse Geol. 
Mededeel., v. 17, p. 279; non Ruttenella van den 
Bold, 1946, Proefschr. Rijksuniv. Utrecht, p. 
84, an Ostracod. Miocene and Pliocene. Geno- 
type. Ruttenella butonensis Keyzer, 1953, 
Leidse Geol. Mededeel., v. 17, p. 280, pl. 4, 
figs. 11-16. Miocene-Pliocene, Buton, Indo- 
nesia. 

Nodosaria apheilolocula Tappan, 414, p. 68, pl. 
24, figs. 6,7. Pliensbachian, Alaska. New name 
for Nodosaria incerta Terquem and Berthelin, 
1875 (non Neugeboren, 1856) Mém. Soc. géol. 
France, (2), v. 10, p. 18, pl. 1, fig. 15. 

subcanaliculata’ (Neugeboren, 1856) var. 
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neospinescens Bowen, 53, p. 120. Eocene, Eng- 
land. New name for: Nodosaria subcanaliculata 
(Neugeboren) var. spinescens Bowen, 1954, 
Proc. Geologists’ Assoc. London, v. 65, p. 155, 
fig. B-9, mon Nodosaria spinescens (Reuss, 
1851, Dentalina). 

Saracenaria oxfordiana Tappan, 414, p. 64, pl. 26, 
fig. 27. Upper Jurassic, Alaska. New name for 
Cristellaria triquetra Giimbel, 1862 (non Giim- 
bel, 1861), Jahrb. Wiirttemberg. Ver. Natur- 
wiss., v. 18, p. 225, pl. 3, fig. 28. 

Spiroloculina henbesti Petri, in Thalmann, 421, 
p. 82. Miocene, Brazil. New name for Spiro- 
loculina concava Petri, 1954, Univ. Sao Paulo, 
Fac. Fil. Cienc. Letr., Bol. 176, Geol. no. 11, 
p. 53, pl. 2, figs. 3-6; non Spiroloculina acuti- 
margo Brady var. concava Wiesner, 1913, Zool. 
Anzeiger, vol. 41, p. 521. 

Streblus beccarii (Linnaeus, 1758), var. mendesi 
Petri in Thalmann, 421, p. 82. Miocene, Bra- 
zil. New name for “‘Rotalia”’ beccarii (Linnaeus) 
var. angulata Petri, 1954, Univ. Sao Paulo, Fac. 
Fil. Cienc. Letr., Bol. 176, Geol. no. 11, p. 106, 
pl. 9, figs. 10-12; non Rotalia ketienziensis 
(Ishizaki) var. angulata Kuwano, 1950, Jour. 
Geol. Soc. Japan, v. 56, no. 657, p. 321, text 
figs. 1,2. 

Textularia leinzi Petri in Thalmann, 421, p. 82. 
Miocene, Brazil. New name for Textularia 
curta Petri, 1954, Univ. Sao Paulo, Fac. Fil. 
Cienc. Letr., Bol. 176, Geol. no. 11, p. 46, pl. 1, 
figs. 1,2; non Textularia flintii Cushman var. 
curta Cushman, 1922, U. S. Nat. Mus., Bull. 
104, pl. 2, figs. 2,3. 

Tritaxia spiritensis Stelck & Wall, 1954, subsp. 
prolongata Stelck & Wall in Thalmann, 421, p. 
82. Upper Cretaceous, Western Canada. New 
name for Tritaxia spiritensis Stelck & Wall 
subsp. elongata Stelck & Wall, 1954, Research 
Council Alberta, Rept. no. 68, p. 32, pl. 2, fig. 
15; non Tritaxia elongata Halkyard, 1919, 
Mem. Proc. Manchester Lit. Phil. Soc., v. 62, 
no. 6, p. 45, pl. 3, fig. 9. 

Uvigerina costai Said, 369, p. 12. Calabrian, 
Egypt. New name for Uvigerina striata Costa, 
1856, Att. Accad. Pont., v. 7, fasc. 2, p. 266, 
pl. 15, fig. 3; nom Uvigerina striata Orbigny, 
1839, Voyage Amér. Méridion., v. 5, pt. 5, p. 
53, pl. 7, fig. 16. 

Valvulineria fornasinit Torrente, 1955, Acta 
Fourth Congr. Internat. Quaternaire, v. 1, p. 
382. Pleistocene, Italy. New name for Dis- 
corbina bradyana Fornasini, 1900, Mem. Accad. 
Sci. Ist. Bologna, v. 8, p. 393, fig. 43. 


HOMONYMA 1955 


Asiacolus calliopsis Tappan, 414, p. 55, pl. 17, figs. 
12-17, Liassic, Alaska, preoccupied by: Asta- 
colus calliopsis (Reuss, 1863, Marginulina) in 
Bartenstein & Brand, 1951, Senckenberg. 
Naturf. Ges., Abh., no. 485, p. 286, pl. 5, figs. 
120-122 from the Lower Cretaceous of Ger- 
many. 

Bulimina aculeata Orbigny, 1826, var. porrecia 
Luczkowska, 258, p. 148, pl. 7, figs. 9-11, Tor- 
tonian, Poland, preoccupied by Bulimina por- 
recta Franzenau, 1894, Soc. Hist. Nat. Croatia, 
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v. 6, p. 253, pl. 5, fig. 1 from the Tertiary of 
Croatia. 

Cibicides abudurbensis Nakkady, 1950, var. 
limbata Osman, 326, p. 336, pl. 1, figs. 35-37, 
Maastrichtian of Sinai, Egypt, preoccupied by 
Cibicides subspiratus Nuttall, 1930, var. lim- 
batus Cita, 1950, Riv. Ital. Pal. Strat. v. 56, p. 
102, pl. 9, fig. 7 from the Middle Eocene of 
Italy. 

boueanus (Orbigny) var. crassus Luczkow- 

ska, 258, p. 153, pl. 10, fig. 3, Tortonian, Po- 

land, preoccupied by Cuzbicides crassus ten 

Dam, 1944, Mededeel. Geol. Stichting Haar- 

lem, (C), V, no. 3, p. 133, pl. 6, fig. 1, from the 

Ypresian of Holland. 

gabeliatensis Osman var. convexa Osman, 
326, p. 338, pl. 1, figs. 44-46, Maastrichtian of 
Sinai, Egypt, preoccupied by Cibicides convexa 
(Reuss, 1851, Truncatulina), Haidinger’s Abh., 
v. 4, p. 38, pl. 3, fig. 4. 

Eponides spiratus Luczkowska, 258, p. 151, pl. 9, 
figs. 7-10, Tortonian, Poland, preoccupied by 
Eponides spiratus (Seguenza, 1880, Truncatu- 
lina), Atti R. Accad. Lincei, (3), v. 6, pp. 91 
_ 149, pl. 14, fig. 4 from the Tertiary of 
Italy. 

Uvigerina mediterranea Hofker, 1932, var. com- 
pressa Ansary, 9, p. 96, pl. 3, fig. 15, Upper Eo- 
cene of Egypt, preoccupied by Uvigerina com- 
pressa Cushman, 1925, Contr. Cushman Lab. 
Foram. Research, v. 1, p. 10, pl. 4, fig. 2 from 
the Miocene of Austria. 








NOMINA NUDA 1955 

Until evidence is available that the following 
names have duly been proposed in accordance 
with the International Rules of Zoological No- 
menclature, they are, for the time being, re- 
garded as nomina nuda: 

In Nagahama and Suzuki, 309, the following 
nomina nuda appear in the table on p. 72: Dorothia 
yoshinouraensis ; Gyroidina sechibaruensis; Spiro- 
plectammina kitamatsuuraense; Spiroplectam- 
mina saseboensis, and Verneuilina saseboensis. 

In Emberger, Magné, Reyre and Sigal, 130, 
OULADNAILLA appears on p. 113 as a new 
genus of Foraminifera. 


NOMENCLATURA APERTA 1955 


The list of foraminiferal species to which the 
nomenclatura aperta was applied in the litera- 
ture for the year 1955 will henceforth be omitted 
in the annual indexes, but individual cards will 
be kept in the compiler’s card-catalogue of Fo- 
— and only a summary given, as fol- 
ows: 


Allomorphina (1); Ammobaculites (1); Amphi- 
morphina (1); Amphistegina (2); Angulogerina 
(1); Anomalina (1); Arenobulimina (1); Asta- 
colus (2); Asterigerina (1) Asterocyclina (1); 
Astrorhiza (1); 

Bathysiphon (2); Bitubulogerina (1); Bolivina 
(2); Bolivinoides (1); Boultonia (1); Bulimina (2). 
Buliminella (1); Bullopora (1); 

Cassidulina (1); Cassidulinoides (1); Cibicides 
(4); Clavulinoides (1); Conorbina (1); Cornuspira 
(1); Cribroelphidium (1); Cristellaria (31); Cy- 
clammina (1); 

Dentalina (8); Discorbis (3); Dunbarinella (1); 
Earlandia (1); Earlandinella (1); Earlandinita 
(1); Ellipsoglandulina (3); Ellipsoidella (1); El- 
lipsonodosaria (1); Elphidium (1); Eoschuber- 
tella (2); 

Fabiana (1); Falsopalmula (1); Frondicularia 
(1); Fusulina (3); Fusulinella (1); 

Globigerina (7); Globigerinoides (1); Globobu- 
limina (1); Globorotalia (1); Globotruncana (3); 
Globulina (1); Gyroidina (4); 

Haplophragmoides (2); Hemirobulina (2); Hy- 
perammina (1); 

Laffitteina (1); Lagena (2); Lamellodiscorbis 
(1); Lenticulina (1); Lepidorbitoides (3); Loxo- 
stomum (1); Lugtonta (1); 

Marginulina (3); Marginulinopsis (1); Mio- 
gypsina (1); 

Nankinella (1); Nodosinella (1); Nonion (1); 
Nonionella (1); 

Oketaella (1); Oolina (1); Operculina (1); Oza- 
wainella (1); 

Palmula (1); Pleurostomella (3); Proteonina 
(1); Pseudodoliolina (1); Pseudofusulinella (3); 
Pseudogaudryinella (1); Pseudoglandulina (1); 
Pseudorbitoides (2); Pseudophragmina (1); Pseu- 
dostaffella (2); Pullenia (1); Pyrulina (2); 

Quinqueloculina (7); 

Rauserella (1); Recurvoides (1); Reophax (4); 
Robulus (73); Rotalia (2); Rugofusulina (2); 

Schwagerina (4); Sigmomorphina (1); Sipho- 
generinoides (1); Siphonodosaria (2); Spiroloculina 
(2); Spiroplectammina (3); Spiroplectinata (1); 
Streblus (1); Sumatrina (1); 

Textularia (3); Triloculina (3); Triticites (7); 
Trochammina (1); Trochamminoides (2); Trocho- 
lina (1); Thalmanninella (1); 

Uvigerina (1); 

Vaginulina (1); Valvulina (1); Virgulina (2); 

Waeringella (2); 

Yabeina (1). 

Total forms with nomenclatura aperta for 
1955: 293. 


Stanford, April 23, 1958 
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PALEONTOLOGICAL NOTES 
ORDOVICIAN CONODONTS IN NEW JERSEY 


R. L. ETHINGTON, W. M. FURNISH anp F. J. MARKEWICZ 


State University of Iowa, Iowa City, and New Jersey Department of Conservation, Trenton 





During the past twenty-five years numer- 

ous Ordovician conodont faunas have been 
described, but as a general rule the asso- 
ciated sediments accumulated in relatively 
stable regions. In the classic area of the 
northern Appalachians where thick geo- 
synclinal facies occur, the characteristic 
fossils are graptolites and brachiopods; no 
conodonts have previously been described 
and their discovery in New Jersey seems to 
merit recording in preliminary fashion. In- 
vestigation of the Ordovician by the De- 
partment of Conservation and Economic 
Development has been aided by unpublished 
researches of Harry Dodge (Princeton thesis, 
1954) and James P. Minard (Rutgers thesis, 
1957). 

The Martinsburg Shale in the northwest 
part of New Jersey consists of over 3000 feet 
of strata. For many years, fossils have been 
known from the lower part of the Middle 
Ordovician shale section in the Clinton area 
of Hunterdon County. At the Jutland rail- 
road cut in this vicinity, Weller (1903, p. 53) 
recovered a graptolite fauna which has been 
determined to be of Normanskill age 
(Ruedemann, 1947, p. 78,87). Some of the 
conodonts we are studying came from ap- 
proximately the same stratigraphic posi- 
tion at a locality only about a mile to the 
north of Jutland; others were secured from 
about 15 miles to the northeast in another 
outlier. Individual units are difficult to 
recognize and trace because of rather in- 
tense deformation. These exposures are some 
distance from the extensive Middle Ordo- 
vician in the folded belt to the west; there 
has, therefore, been some question as to 
whether the term Martinsburg is appro- 
priate for these smaller dissociated portions. 
Johnson (in Willard, 1943, p. 1082) ex- 
presses the opinion that the Clinton section 
contains the Trentonian Jacksonburg Lime- 
stone at the base and is equivalent to that in 
the Great Valley; Kay (in Twenhofel, e¢ al., 
1954, p. 276 and pl. 1) has reached the same 
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conclusion. Willard (1949, p. 219) identified 
an Eden fauna in the “‘slate’’ portion of the 
Martinsburg Group of northern New Jersey. 
Conflicting evidence still exists, however, as 
to whether the Jutland fauna is Trentonian 
or somewhat older. The conodonts examined 
are suggestive only of Middle Ordovician. 

One of the authors (F.J.M.) obtained 
Martinsburg fossils in reddish ‘‘shales”’ from 
two localities in Hunterdon and Morris 
counties. Only the conodonts are being con- 
sidered here, and most of them came from 
Chester Township, Morris County. The 
rather abundant material is from Jen- 
nings’ shale pit located just south of State 
Highway 24, about 23 miles east of Chester 
(74°38.5’ west longitude, 40°46.2’ north 
latitude). A few other specimens were re- 
covered from the Clinton pit in Union 
Township, Hunterdon County, on the south 
side of State Highway 28, nearly two miles 
west of Clinton (74°57.0’ west, 40°38.1’ 
north). 

None of the New Jersey conodonts avail- 
able is well preserved. They can not be 
separated from the matrix and must be 
examined on the surface of the rock. Size 
is about average for Middle Ordovician 
forms, but they are so altered as to be 
opaque and chalky. Some individuals have 
been entirely dissolved, with only the out- 
line remaining. Most are flattened and 
somewhat fragmented. 


PHRAGMODUS spp. 
Text-fig. 1A-1D 


This genus was first described in 1933 by 
Branson & Mehl from the lower Middle 
Ordovician Joachim of Missouri. Since that 
time Phragmodus has been illustrated from 
several Middle and Upper Ordovician forma- 
tions in the U. S. Some species appear to 
have stratigraphic significance, and the 
genus is among the most characteristic of 
those in the Middle Ordovician. None of the 
New Jersey specimens we are studying 
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Text-F1G. /—Representative conodonts from the Martinsburg Shale of New Jersey, 50. Dashes 
represent imprint outlines, and dots are restorations. 
A-D. Phragmodus spp. Four specimens (State Univ. Iowa, 10000-10003) illustrating range of vari- 
ation. B, is from near Clinton; the others are from the Chester locality. 
E. Falodus? sp. Specimen (State Univ. Iowa, 10004) from Clinton locality. 
F. Oistodus cf. O. parallelus Pander. Specimen (State Univ. Iowa, 10005) from the Chester 


locality. 


appear to be closely similar to the various 
species that have been described, however. 
By contrast, in gross outline they are strik- 
ingly like Swedish forms figured by Lind- 
strém (1955, pl. 22, figs. 11,16,35) and 
identified as Periodon aculeatus Hadding, 
1913, the type of that genus. The greater 
part of the holotype of Hadding’s species 
(Lindstrém, 1955, pl. 22, fig. 14) is only an 
impression and generic characters of Peri- 
odon may therefore be regarded as doubtful. 
Lindstrém’s interpretation of the species 
is so broad that more than one genus is 
probably represented. Despite apparent 
lack of an anterior denticulate anticusp in 
the Martinsburg material, the similarity to 
the Swedish forms is probably significant. 
The conodont locality near Lund contains 
associated Climacograptus haddingi Glim- 
berg and is believed to be of late Chazyan 
age (Lindstrém, 1955, p. 105). 


O1stopus cf. O. PARALLELUS Pander 
Text-fig. 1E 


A single fragmentary distacodid specimen 
resembles one of the original Baltic species. 
Such forms are known throughout the 
Ordovician in numerous localities. 


FALODUS? sp. 
Text-fig. 1F 


Lindstrém (1954, p. 568) defined this 
genus with Middle Ordovician Oistodus 
prodentatus Graves & Ellison as type. If our 
interpretation of the single poorly preserved 
specimen from the Martinsburg is correct, 
it is similar to the type species. Congeneric 
forms are known from West Texas, the 
Upper Mississippi Valley, and Sweden; age 
ranges from late Lower to early Upper 
Ordovician. 


Addendum.—After this manuscript was 
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prepared and submitted for publication, 
two recent conodont articles came to our at- 
tention. In Southern Scotland, these fossils 
have been found in almost identical cir- 
cumstances to those of the Martinsburg in 
New Jersey (LinpstrR6mM, Maurits, 1957, 
Two Ordovician conodont faunas found with 
zonal graptolites: Geol. Féren. Férhandl. 
Bd. 79, p. 161-178, pls. 1,2; and Lamont, 
ARCHIE, & Linpstr6mM, Maurits, 1957, 
Arenigian and Llandeilian cherts identified 
in the Southern Uplands of Scotland by 
means of conodonts, etc.: Edinburgh Geol. 
Soc., Trans., v. 17, p. 60-70, pl. 5). The 
former describes conodonts in shales from 
Morroch Bay, on the southwest coast near 
Portpatrick, in one of the classic disturbed 
areas recorded by Peach & Horne about 60 
years ago. The strata, identified as lower 
Caradocian, contain Climacograptus scharen- 
bergt Lapworth and a series of other grapto- 
lites, nine genera in all. Ruedemann (1947, 
p. 78) regards this assemblage as Norman- 
skill or slightly younger. The second paper 
concerns several localities in the Southern 
Highlands, where the conodonts occur in 
bedded chert of Llandeilian age. Associated 
graptolites at Normangill Burn, northeast of 
Crawford, Lanarkshire, include, Nemagrap- 
tus gracilis (Hall), a good Normanskill index 
(Ruedemann, 1947, p. 368) reported by 
Weller (1903, p. 53) from the Martinsburg 
near Clinton, New Jersey. 

The occurrences of conodonts in the 
Scottish geosynclinal Middle Ordovician 
contain common Pertodon aculeatus Had- 
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ding, as defined by Lindstrém, but here iden- 
tified as Phragmodus spp. The presence of 
the genus Falodus, as in the Martinsburg, 
may also be significant. Pygodus anserinus 
Lamont & Lindstrém, interpreted as a 
platform conodont bearing rows of nodes, 
has also been found in our New Jersey col- 
lections. We have only molds of this fossil 
but do not believe it to be a conodont. 
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UPPER DEVONIAN CONODONTS OF NEW YORK, PENNSYLVANIA, 
AND INTERIOR STATES 


WILBERT H. HASS 
U. S. Geological Survey, Washington, D. C. 





For the past several years, the writer has 
been collecting conodonts from the standard 
Upper Devonian succession of North Amer- 
ica in New York and northwestern Penn- 
sylvania, and from the standard Lower 
Mississippian succession of the Middle 
Mississippi Valley area. This work is being 
done in order to establish the stratigraphic 
ranges of significant conodont genera and 
species in the standard successions, and 


thereby to provide a firm basis for determin- 
ing the age and correlatives of the various 
formations and members that comprise the 
so-called Devonian and Mississippian black- 
shale sequence of the interior of the United 
States and Canada. 

Recently, as part of this investigation, 
conodonts were collected from some of the 
formations of the standard Devonian suc- 
cession that G. A. Cooper assigned to his 
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Cassadaga stage (in Cooper et al., 1942). 
This stage, whichis the third from the 
bottom of the four Cooper recognized in 
the Uppper Devonian, is considered to be 
approximately equivalent to the lower part 
of the Famennian of Europe. Conodonts are 
not very abundant in the Cassadaga portion 
of the standard section, although concen- 
trations of them have been found in some 
rocks. 

Table 1 lists species having stratigraphic 
value, and gives their known distribution in 
the standard Devonian succession of North 
America and in some of the black-shale 
formations of the interior States. As a 
group, these species do not range into the 
lowermost part of the Perrysburg formation 
of Pepper & deWitt (1951), a formation 
that occurs at the base of Cooper’s Cassa- 
daga stage. The lowermost part of the 
Perrysburg, and the underlying Hanover 
shale and Wiscoy sandstone sequence 
contain an entirely different conodont fauna 
that includes Palmatolepis subrecta Miller 
& Youngquist and Ancyrognathus euglyphea 
Stauffer. On the other hand, as a group, the 
species listed in Table 1 have not been found 
in the Amity shale of Chadwick (1925). This 
shale occurs very near to the base of the 
Conewango stage of Cooper, the highest of 
the four stages that Cooper recognized in 
the Upper Devonian (in Cooper et al., 
1942). Additional collections from the 
Cassadaga portion of the North American 
standard succession must be made and 
studied before the stratigraphic range of 
each individual conodont species can be 
worked out, but the information at hand 
indicates that Palmatolepis perlobata Ulrich 
& Bassler is a common species in a lower por- 
tion of the Cassadaga; that Palmatolepis 
glabra Ulrich & Bassler ranges throughout 
most of the Cassadaga; and that Polygnathus 
semicostata Branson & Mehl is present 
in the middle and upper portions of that 
stage. 

With the possible exception of Polygnathus 
semicostata, the species listed in Table 1, 
together with Ancyrognathus quadrata Bran- 
son & Mehl, Palmatolepis gracilis Branson 
& Mehl, and Palmatolepis rugosa Branson 
& Mehl, comprise a distinctive association 
in a part of the black-shale sequence of the 
interior of the United States and Canada 


that has been designated faunal zone II] 
(Hass, 1956a; Cloud, Barnes, & Hass, 
1957). Stratigraphically, this zone is nearer 
to the top than to the bottom of the black- 
shale sequence; it overlies conodont faunal 
zones II and I (lowest), and underlies zones 
IV, V and VI (highest). Some of the char- 
acteristics of these zones are briefly dis- 
cussed below. 

As shown in Table 1, some or all of the 
species comprising the association of faunal 
zone III have been recognized by the writer 
in the Huron member of the Ohio shale of 
Ohio and eastern Kentucky (Hass, 1947); 
the Antrim shale as exposed in the Paxton 
shale quarry near Alpena, Michigan (Hass, 
1956b); the major portion of the middle divi- 
sion of the New Albany shale of southern 
Indiana—this division is Campbell’s (1946) 
Blackiston formation; the lower but greater 
part of the Gassaway member of the Chat- 
tanooga shale of central Tennessee and the 
adjoining parts of Kentucky, Georgia, 
Alabama and Mississippi—including the 
beds from which Ulrich & Bassler’s (1926) 
and Holmes’ (1928) so-called Mississippian 
conodont faunas came (Hass, 1956b); a fau- 
nal zone in the lower part of the Chattanoo- 
ga shale of northeastern Oklahoma and 
northwestern Arkansas (Hass, 1956a); a 
faunal zone in the middle division of the 
Arkansas novaculite which at Caddo Gap, 
Montgomery County, Arkansas is 46.5 to 
140 feet below the top of the middle division, 
and which along State Highway 3 near 
Atoka, Oklahoma, has been found in the 
Arkansas novaculite 42 to 43 feet above the 
base of unit 3 of the section Hendricks, 
Knechtel, & Bridge (1947, p. 14) measured 
(Hass, 1951, 1956a); and in a faunal zone of 
the Woodford shale of Oklahoma (Hass, 
1956a). Conodont species of zone III have 
also been identified in some of the writer’s 
collections from other areas, including the 
Chattanooga shale at the type locality of 
the Sylamore sandstone member of the 
Chattanooga shale in Stone County, Arkan- 
sas; and from part of the Houy formation of 
the Llano region, Texas (Cloud, Barnes, & 
Hass, 1957). 

It is evident from the above that the 
conodonts listed in Table 1 have strati- 
graphic importance; not only do they appear 
to be restricted to the Cassadaga portion of 
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the standard Devonian succession of North 
America, but also they occur in a widespread 
faunal zone, nearer to the top than to the 
bottom of the black-shale sequence of the 
interior. The presence of these conodonts, 
therefore, gives irrefutable evidence that 
the greater portion of the black-shale se- 
quence of the interior is Devonian, not 
Mississippian. 

Rocks containing the species characteris- 
tic of faunal zones II and I (Hass, 1956a; 
Cloud, Barnes, & Hass, 1957) in the black- 
shale sequence of the interior are also pres- 
ent in the standard Devonian succession 
in New York. However, in that area, the 
stratigraphic section embraced by these two 
zones is so thick (hundreds of feet as com- 
pared with fifteen feet in central Tennessee) 
that a modification of the writer’s zonation 
must be made. Also, it should be pointed 
out that the association identifying faunal 
zone 1 is probably a mixture of high Middle 
and low Upper Devonian species. The so- 
called conodont bed of the Genundewa 
limestone lentil of the Geneseo shale in 
Erie County, western New York, has such 
a fauna. This fauna, which will be discussed 
in a later paper, contains species that are 
not present in the type Genundewa lime- 
stone lentil on Canandaigua Lake in west- 
central New York. 

As yet, the conodont faunas of the highest 
Upper Devonian formations of the standard 
succession are not too well known. So far, 
faunal zone IV has not been recognized. 
This zone ranges through much of the 
Cleveland member of the Ohio shale of Ohio 
and eastern Kentucky, and is also in the 
topmost beds of the Gassaway member of 
the Chattanooga shale of the central 
Tennessee area (Hass, 1956b). Faunal zone 
V is in the basal Bedford shale of Ohio. The 
fauna of this Early Mississippian forma- 
tion contains a distinctive conodont re- 
ferred to as Spathognathodus sp. A; this 
species, which possesses a single hornlike 
denticle on the inner side of the blade just 
anterior to the pulp cavity, has been identi- 
fied in some of the writer’s collections from 
northwestern Pennsylvania. Faunal zone VI 
is in the Mississippian Sunbury shale of 
Ohio and eastern Kentucky, and related 
beds of the interior (Hass, 1956a, 1956b; 
Cloud, Barnes, & Hass, 1957). 


The following conodont collections are 
mentioned by number in Table 1: 


Collection 3941: Westfield shale of Chadwick, 
1923. From a gray, slightly calcareous siltstone, 
0.2 foot thick, exposed in the east bank of Little 
Canadaway Creek, 50 feet south of the bridge on 
Webster road and 0.65 mile south of Lamberton, 
Chautauqua County, N. Y. The bed from which 
this collection was made is approximately 15 feet 
above the Laona sandstone and Westfield shale 
contact; W. Hass, Aug. 29, 1956. 

Collection 3943: Lower part of type Northeast 
shale of Chadwick, 1923. From a dark-gray shale, 
0.8 foot thick, exposed in bank about 5 feet above 
bed of Sixteen Mile Creek, 50 feet downstream 
from bridge on State Highway 5 at Freeport, Erie 
County, Pa.; W. Hass, Aug. 29, 1956. 

Collection 3947: Type Ellicott shale member of 
Caster, 1934. From gray plastic mudrock, 0.05 
foot thick, beneath a gray fossiliferous siltstone in 
bed of unnamed creek, 75 feet north of Hunt road, 
? mile (airline) west of city limits of Jamestown 
and ? mile east of the northeast corner of the 
Sunset Hill Cemetery, Chautauqua County, 
N. Y.; W. Hass, Sept. 13, 1956. 

Collection 3948: Ellicott shale member. From 
gray fossiliferous calcareous siltstone, 0.2 foot 
thick, 8.1 to 8.3 feet above curb at southeast cor- 
ner of Willard and Pardee streets, Jamestown, 
a County, N. Y.; W. Hass, Aug. 31, 
1956. 

Collection 3956: Type Shumla sandstone of 
Clarke, 1903. From gray calcareous siltstone, 0.1 
foot thick, 7.0 to 7.1 feet above top of narrow 
flume in bed of Canadaway Creek, beneath a gas 
main and 500 feet downstream from bridge at 
Shumla, Chautauqua County, N. Y.; W. Hass, 
Aug. 28, 1956. 

Collection 3957: Gowanda member of Perrysburg 
formation of Pepper & deWitt (1951). From a 
dark-gray siltstone, 0.1 foot thick, 0.9 to 1.0 foot 
below the Laona sandstone and Gowanda mem- 
ber contact, in west bank of unnamed tributary 
of Big Indian Creek, 100 feet north of Mackinaw 
road and 1.5 miles east of the county line, Perrys- 
burg 74 minute quadrangle, Cattaraugus County, 
N. Y.; W. Hass, Sept. 28, 1953. 

Collection 3974: Ellicott shale member. Float 
near top of southeast side of deep cut on Erie 
Railroad; just northeast of Hunt road and one 
mile southwest of Lakewood, Chautauqua Coun- 
ty, N. Y.; W. Hass, Aug. 31, 1956. 

Collection 3975: Type Northeast shale. From 
prominent ledge of gray, slightly calcareous silt- 
stone that weathers to a rusty brown color; in east 
bank, and about 12 to 15 feet above bed of Six- 
teen Mile Creek, 100 feet upstream from bridge 
and 0.6 mile due south of railroad tracks in 
— Erie County, Pa., W. Hass, Aug. 28, 
1956. 

Collection 11318: Topmost Gowanda member of 
Perrysburg formation of Pepper & deWitt (1951). 
From black shale, 0-1.0 foot below the Laona 
sandstone and Gowanda member contact. At 
brink of falls on Little Canadaway Creek, about 
4 mile due south of Lamberton, Chautauqua 
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County, N. Y.; W. Hass, June 1, 1953. 
Collection 11359: South Wales member of Perrys- 
burg formation of Pepper & deWitt (1951). From 
a black shale, 0.2 foot thick, 2.3 to 2.5 feet below 
a prominent gray siltstone bed at brink of a 3 to 4 
foot high falls on Big Indian Creek, } mile north 
of the Versailles road, Cattaraugus Indian Reser- 
vation, Cattaraugus County, N. Y.; W. Hass, 
Sept. 29, 1953. 


Publication is authorized by the Director, 
U.S. Geological Survey. 
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REVIEW 


EIGHTH ISSUE OF THE PUBLICATIONS OF THE 
INSTITUTE OF MARINE SCIENCE [Port 
Aransas, Texas], v. 4, no. 2, July 1957. 


The eighth issue of the Publications of the 
Institute of Marine Science contains several 
papers of particular interest to geologists. 
The lead article, ‘‘Texas Bay Sediments,”’ 
by Francis P. Shepard and Gene A. Rusnak, 
summarizes the findings of a group of 
Scripps Institution scientists who have been 
investigating the sediments of Texas bays, 
from San Antonio Bay southward to the 
Mexican border, during the past six years. 
The authors conclude that the properties 
of the Recent sediments, as well as the 
macroorganisms, Foraminifera, and Ostra- 
coda associated with the sediments, have 
environmental characteristics which should 
be recognizable in Tertiary sediments of the 
Texas coast. For example, thick, unstratified 
clayey sediment containing layers of oyster 
shells indicates a relatively humid environ- 
ment; absence of echinoids and glauconite 
indicates lagoons or estuaries; large quan- 
tities of sand suggest proximity to inlets or 
barrier islands; nearness to a stream mouth 
is indicated by an abundance of wood frag- 
ments; deposition at the mouth of a stream 
is suggested by the interlamination of silt 
and clay; forams and ostracodes, as well as 
macroorganisms, have assemblages in the 
bay environment which are distinct from 
those in the open Gulf; semi-arid bay condi- 
tions are indicated by gypsum and carbonate 
aggregates, calcareous odliths,and calcareous 
coatings around shells and sand grains. 

Two papers by Howard T. Odum, “‘Stron- 
tium in Natural Waters’ and ‘‘Biogeo- 
chemical Deposition of Strontium,” will be 
welcomed by geochemists, paleontologists, 
and paleoecologists. A purpose of the first 
paper, “‘Strontium in Natural Waters,”’ was 
the gathering of information concerning the 
relationship of the strontium/calcium ratio 
to present day regional water types as an aid 
in using the trace element contents of fossils 
and rocks to make paleoecological inter- 
pretations. Three hundred new determina- 
tions of the strontium content of natural 
waters were made in characterizing the 


strontium cycle in the hydrosphere. A dis- 
cussion of the strontium content in the 
ancient ocean supports the conclusion that 
the oceanic Sr/Ca ratio has decreased or 
been the same during the history of the 
ocean. The second paper by Odum, “‘Bio- 
geochemical Deposition of Strontium’’ is 
based principally on his Ph.D. dissertation, 
“The Biogeochemistry of Strontium,’ 1950, 
Yale University, but includes additional 
data accumulated since that time. This is a 
monumental work on Strontium and in- 
cludes 900 analyses of the Sr/Ca ratio of 
minerals, tissues, skeletons, fossil sediments, 
rocks, and soils. Odum affirms the theory 
that the principal factor controlling the 
Sr/Ca ratio in shells is the ratio of Sr/Ca in 
the depositional environment and concludes 
that this ratio may be used to indicate (1) 
replacement, (2) the origin of a deposit as 
marine or nonmarine, (3) climate, (4) food 
habits; however, the Sr/Ca ratio should be 
used with other criteria in making paleoeco- 
logical interpretations. Odlites, beach rock, 
Drewite, reef corals, and green aragonite 
algae have high Sr/Ca ratios which the 
author believes may be related to rapid 
deposition of carbonates associated with 
photosynthetic processes. ‘‘Biogeochemical 
Deposition of Strontium” is a major paper 
on this subject and many (20) specific con- 
clusions are drawn which cannot be sum- 
marized in this short review; however, these 
conclusions will be of interest to the marine 
geologist, soils geologist, and geomorpholo- 
gist, as well as the geochemist, paleontolo- 
gist and paleoecologist. 

“Self-silting by the Oyster and its Sig- 
nificance for Sedimentation Geology” by 
E. J. Lund is a result of a laboratory in- 
vestigation with living oysters. Calculations 
based on the results of the laboratory ex- 
periments show that 35.9 cubic yards (8.36 
tons dry weight) of silt would be deposited 
by a single continuous layer of oysters cover- 
ing an area of one acre, in eleven days. 
Filtration and separation of the silt by the 
oyster is accomplished by its ciliary mecha- 
nism. The ingenious experiments performed 
by Lund show that even in waters of rela- 
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tively low turbidity oysters are agents of 
sedimentation many more times effective 
than gravity in the same area. Other papers 
by Lund in this issue, ‘‘A Quantitative 
Study of Clearance of a Turbid Medium 
and Feeding by the Oyster” and ‘‘Self-Silt- 
ing Survival of the Oyster as a Closed Sys- 
tem and Reducing Tendencies of the En- 
vironment of the Oyster’’ also touch on this 
usually overlooked sedimentary process, and 
is of extreme interest, especially to the 
sedimentationist. 

A fourth paper gy E. J. Lund, “Effect of 
Bleedwater, Souble Fraction and Crude 
Oil on the Oyster”’ is also the result of labora- 
tory experiments using living oysters. The 
influence of various concentrations of bleed- 
water and crude oil on the oyster is dis- 
cussed. This paper will be of interest to 
petroleum geologists who may be directly 
or indirectly concerned with problems of 
waste disposal. 

Four papers in this issue are principally 
ecological in nature: ‘‘Ecological Survey of 
Baffin and Alazan Bays’’, by Joseph Breuer; 
“Ecological Survey of the Upper Laguna 
Madre of Texas”, by Ernst G. Simmons; 


“Studies on the Ecology of Two Species of 
Donax on Mustang Island, Texas’, by 


Harold Loesch, and ‘‘Metabolism of a 
Laboratory Stream Microcosm’’, by How- 
ard T. Odum and Charles M. Hoskin. 
These papers contain principles applicable to 
paleoecological studies. The ecological sur- 
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veys of Baffin and Alazan bays and the 
upper Laguna Madre supply information 
concerning fauna inhabiting hypersaline 
waters. This information will be most use- 
ful in interpreting hypersaline areas in the 
geological record. 

Five papers, ‘“The Summer Marine Flora 
of Mississippi Sound’’, by Harold Humm, 
“The Effect of Suspended Materials on the 
Reproductive Rate of Daphnia magna’’, 
by Maryanne Robinson, ‘“‘The Acantho- 
cephalan Parasites of the Fishes of the 
Texas Coast’, by W. L. Bullock, ‘Body 
Fluid of the Oyster Crassostrea virginica’, 
by Milton Fingerman, Laurence D. Fair- 
banks, and Warren C. Plauche, and ‘Notes 
on the Reflex Inhibition of Water Propul- 
sion by the Oyster,’”’ by E. J. Lund and 
Ernest Powell, are only remotely applicable 
to geological problems. 

Twelve of the seventeen papers in this 
issue of the Publications of the Institute of 
Marine Science are of direct interest to ge- 
ologists. The increasing prominence of geo- 
logical investigations, and investigations 
which have geological application, in pro- 
grams of marine laboratories throughout 
the world is of great significance to geology 
and will ultimately result in greater under- 
standing of past geological processes and 
events. 

Louis S. KORNICKER 
Institute of Marine Science 
Port Aransas, Texas 
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SAMUEL P. ELLISON, JR. 


Professor of Geology and Chairman of the De- 
partment, University of Texas, Austin, 
Texas 

Born, July 1, 1914, Kansas City, Missouri 


Academic Training 


Univ. of Kansas City, A.B., 
Univ. of Missouri, M.A., "ie: Ph. D., ’40 


Experience 

1939-43 Missouri School of Mines, Rolla, 
Mo., instructor 

1943-44 Missouri School of Mines, Rolla, 
Mo., assistant professor 

1944-48 Stanolind Oil & Gas Co. (Pan 
American Petr. Corp.), Midland 
and Wichita Falls, Tex., geol., sen. 
geol., and dist. geol. 

1948- Univ. of Texas, Austin, Tex., 
prof., and chm. of dept. 


Publications.—Petroleum geology, micropaleon- 
tology, paleoecology, educational techniques, 
and stratigraphy 


Professional A ffiliations (National) 

Geological Society of America, fellow 

American Association for the Advancement 
of Science, fellow 

American Association of Petroleum Geolo- 
gists, member 

Society of Petroleum Engineers, member 

Sigma Xi, Sigma Gamma Epsilon 


S.E.P.M. Activity (Member, '49) 


1952-58 Secretary-Treasurer 
1958-59 Chairman, Publications Commit- 
tee 
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WILLIAM M. FURNISH, JR. 


Professor of Geology, State University of Iowa, 
Iowa City, Iowa 
Born, August 17, 1912, Tipton, lowa 


Academic Training 


State University of Iowa, B.A., '34; M.S., 
35; Ph.D., ’38 


Experience 

1939 U. S. Geol. Survey, jr. geol. 

1938-40 State University of Iowa, Iowa 
City, Iowa, res. assoc. 

1940-41 Oklahoma A. & M. College (Okla- 
homa State University), Still- 
water, Oklahoma, instructor 

1941-44 Shell Oil Co., Tyler, Texas, geol. 

1944-46 R. Lacy Inc., Longview, Texas, 


eol. 
1946 Caden Producing Co., Tyler, 
Texas, geol. 
1947-49 Creole Petroleum Corp., Mara- 
caibo, Venezuela, dist. geol. 
1949-53 Arabian-American Oil C Dhah 
ran, Saudi Arabia, div. geol. 
1953-58 State University of Iowa, Iowa 
City, lowa, assoc. prof. and prof. 
of geol. 


Publications.—Paleontological studies on cepha- 
lopods and conodonts 


Professional A filiations (National) 
Geological Society of America, fellow 
American Association of Petroleum Geolo- 
gists, member 
Association of Geology Teachers, member 
Sigma Xi 
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DAN E. FERAY 


Owner, Feray Geological Service, Dallas, Texas, 
and Professor of Geology, Southern Metho- 
dist University, Dallas, Texas 

Born, October 14, 1918, Beaumont, Texas 


Academic Training 
Univ. of Tulsa, B.S., ’39 
Univ. of Illinois, M.S., ’40 . 
Univ. of Wisconsin, Ph.D., ’48 


Experience 

1942-46 U.S. Army Air Force 

1946-47 University of Wisconsin, Madison, 
Wisconsin, lab. instructor 

1947-49 Bureau of Economic Geology, 
University of Texas, Austin, 
Texas, field asst. and dir. of well 
sample lib. 

1949-51 University of Tulsa, Tulsa, Okla- 
homa, assoc. prof. 

1951-57 Magnolia Field Research Labora- 
tory, Dallas, Texas, in charge of 
eol. res. 

1957- eray Geological Service, Dallas, 


Texas, owner, and Southern Meth- 
odist University, Dallas, Texas, 
Prof. Magnolia Chair Geol. 


Publications.—Sedimentation 
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American Association of Petroleum Geolo- 
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1942-46 U.S. Army Air Force, meteorol- 
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Publications—Sediment transport, carbonate 
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{957 Co-chairman of Symposium on 
Sedimentary Geochemistry 
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Born, July 4, 1925, Penn Yan, New York 


Academic Training 
Princeton University, B.A., ’48 
Yale University, M.S., ’50; Ph.D., '51 


Experience 
1951-52 University of Kansas, Lawrence, 
Kans., research and teaching 
1952-57 State Geological Survey, Law- 
rence, Kansas. (part time) 
1952- Columbia University, New York, 
N. Y., prof. of geol. and geol. res. 


Publications.—Systematic paleontology, biomet- 
rics, general paleontology, biostratigraphy, 
shoal-water geology of Bahamas 
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gists, member 
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Sigma Xi 
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the Symposium on Geochemistry of 
Sediments, and the 1954 Symposium on 
Fauna and Facies 
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Academic Training 


Univ. of Texas, B.A., ’31; M.A., ’34 
Louisiana State University, graduate study 
"47 


Experience 


1931-34 University of Texas, Austin, Tex., 
lab. instr. 

1934-42 Humble Oil & Refining Co., 
Houston, Tex., paleontologist 

1936-42 University of Houston, Houston, 
Tex., geol. instr. (night) 

1942-45 U.S. Army Corps of Engineers 
1945-47. Humble Oil & Refining Co., Hous- 
ton, Tex., paleontologist 
1947-48 Louisiana State University, Baton 
Rouge, La., lab. instr. 

1948— lente Oil & Refining Co., Hous- 
ton, Tex., paleontologist, stratig- 
rapher, coordinator of research, 
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Publications.—Structure and _ stratigraphy of 
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REPORTS AND MINUTES OF THE THIRTY-SECOND ANNUAL MEETING 
OF THE SOCIETY OF ECONOMIC PALEONTOLOGISTS 
AND MINERALOGISTS 


The thirty-second annual meeting of the 
Society of Economic Paleontologists and 
Mineralogists was held in the Renaissance 
Room of the Biltmore Hotel, Los Angeles, 
California, March 10-13, 1958, in conjunc- 
tion with the annual meeting of The Ameri- 
can Association of Petroleum Geologists. 

The program consisted of a joint meeting 
with the A.A.P.G. with papers on Problems 
of Correlating and Interpreting Sedimen- 
tary Facies being presented. The Society’s 
program consisted of papers on Silica in 
Sediments, Paleontology and Stratigraphy, 
and Sedimentary Mineralogy and Petrol- 
ogy. 

Due to illness in the family of President 
R. V. Hollingsworth, he was not present to 
give the S.E.P.M. presidential address at 
the joint session on Tuesday, March 11. 

At the joint session on Tuesday morning, 
Honorary Membership Scrolls were pre- 
sented to Charles E. Decker, Marcus A. 
Hanna, and Hans E. Thalmann. 

Charles E. Decker, a charter member of 
the S.E.P.M., was born in Dixon, Illinois, 
on September 27, 1868. Thirty-eight years 
later, in 1906, he received his B.A. degree 
from Northwestern University and in 1917 
his Ph.D. in geology from the University of 
Chicago. Dr. Decker became an instructor 
in geology at Oklahoma University in 1916, 
advancing to assistant professor, associate 
professor, professor, and in 1930 to head of 
the Department of Paleontology. In 1943 he 
became professor emeritus in the School of 
Geology. 

At the age of 85, in 1953, he launched a 
5-year research program, an alumnus of the 
University making his project possible by 
establishing the Decker Research Fellow- 
ship through the O. U. Foundation. Natu- 
rally, the study concerns graptolities, as Dr. 
Decker is an acknowledged world authority 
on the tiny marine fossils which are often 
keys in determining the age of formations. 

Dr. Decker was elected secretary-treas- 
urer of The American Association of 
Petroleum Geologists 7 times. In 1927 he 
became one of the A.A.P.G.’s first honorary 


members. For 6 years he was secretary- 
treasurer of Sigma Gamma Epsilon, na- 
tional geology fraternity and from 1924 to 
1932 he served as president. 

Dr. Decker was president of the S.E.P.M. 
in 1931 and in 1934 was president of the 
Oklahoma Academy of Science. He is a 
fellow in the Geological Society of America 
and the American Association for the Ad- 
vancement of Science. He is an author of 
many papers and his research articles have 
been published in the A.A.P.G. Bulletin, the 
Journal of Paleontelogy, and the Oklahoma 
Academy of Science. 

Marcus A. Hanna, chief paleontologist 
for the Gulf Oil Corporation, Houston, 
Texas, and a charter member of the 
S.E.P.M., was born in Neosho County, 
Kansas, on February 24, 1898. 

In 1920 he received a B.A. degree in 
geology from the University of Kansas. He 
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was a teaching fellow at the University of 
California from 1920 until 1922, during 
which time he completed his resident work 
toward a Ph.D. degree in geology, the de- 
gree being conferred in 1926. His Doctor’s 
Thesis was entitled, ‘‘Geology and Paleon- 
tology of La Jolla Quadrangle, California.” 

Before joining the Exploration Depart- 
ment of the Gulf Oil Corporation in Hous- 
ton, Texas, in 1924, Hanna was an instruc- 
tor in geology and paleontology at the Uni- 
versity of Washington in Seattle (1922- 
1924). 

His scientific affiliations, in addition to 
S.E.P.M. active membership, include the 
Geological Society of America (fellow), The 
American Association of Petroleum Geolo- 
gists (active member), Paleontological 
Society (fellow), the American Petroleum 
Institute, The American Association for the 
Advancement of Science, and the Houston 
Geological Society. 

Dr. Hanna was secretary-treasurer of the 
S.E.P.M. from 1927 to 1929 and president 
from 1929-1930, in addition to being an as- 
sociate editor for a number of years. He was 


Roulande Siudio, Houston 
Marcus A. HANNA 
Honorary Membership 


vice-president of the Paleontological Scciety 
in 1934 and served as secretary and presi- 
dent of the Houston Geological Society in 
1928 and 1934 respectively. 

Hanna’s publications include some 35 
papers in technical and scientific Journals, 
including the Bulletin of The American 
Association of Petroleum Geologists, the 
Journal of Sedimentary Petrology, and the 
Oil Weekly. He has also published several 
papers on Foraminifera in our Journal of 
Paleontology. 

Hans E. Thalmann, a charter member of 
the S.E.P.M., was born in Berne, Switzer- 
land, on January 3, 1899. He received his 
Ph.D. degree from the University of Berne 
in 1922. Dr. Thalmann’s experience includes 
many years of research and company affilia- 
tions abroad. For 7 years he was associated 
with the Shell Oil Company in Mexico and 
the Netherlands. In Sumatra he was paleon- 
tologist for a number of years for Bataafsche 
Petroleum Maatschappij and then for 6 
years was chief paleontologist for Standard- 
Vacuum Oil Company there, until the Japa- 
nese invasion at which time he was trans- 
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CHRISTINA LOCHMAN-BALK 


BEST PAPER AWARD, 1956 
Journal of Paleontology 


ferred to Ecuador. Dr. Thalmann has been a 
professor at Stanford University for many 
years. 

In addition to his membership in the 
S.E.P.M., Thalmann is a member of The 
American Association of Petroleum Geolo- 
gists, the Geological Society of America, and 
numerous foreign Societies. He was presi- 
dent of the S.E.P.M. in 1954. 

The Society and paleontologists in gen- 
eral who read the Journal of Paleontology 
are greatly indebted to Dr. Thalmann for 
the fine contribution he is making with his 
annual Bibliography of Foraminifera. This 
has appeared yearly since 1933 and his pain- 
staking efforts are certainly appreciated by 
the geological profession. Another important 
contribution by Dr. Thalmann is the 25- 
year Index of the Journal of Paleontology 
which is now ready for publication. 

In addition to the above awards, at the 
Tuesday afternoon Business Session of the 
S.E.P.M., Research Committee Chairman 
H. A. Ireland presented the Society’s Award 
for the Best Paper for 1956 in the Journal of 





Goertz, Edmonton 


Maurice A. Carricy 


BEST PAPER AWARD, 1956 
Journal of Sedimentary Petrology 


Paleontology to Christina Lochman-Balk, 
for her paper entitled, ‘““The Evolution of 
Some Upper Cambrian and Lower Ordo- 
vician Trilobite Families,” which appeared 
in the May issue, Volume 30, Number 3. 
Mr. Ireland also presented the award for the 
Best Paper for 1956 in the Journal of Sedi- 
mentary Petrology to Maurice A. Carrigy, 
for his paper entitled, “‘Organic Sedimenta- 
tion in Warnbro Sound, Western Australia,” 
which appeared in the September issue, 
Volume 26, Number 3. 

The Best Paper Awards are the fourth to 
be presented by the S.E.P.M. They consist 
of a certificate given to the author whose 
paper, appearing in the Journals during the 
second preceding year, is judged by the Re- 
search Committee to be the most outstand- 
ing contribution of the year. 

Born in Springfield, Illinois, on October 
8, 1907, Mrs. Balk graduated from the 
Springfield High School in 1925 and in 1929 
received a B.A. degree from Smith College 
(summa cum laude). After obtaining a M.A. 
degree from the same institution, she did 
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graduate work at Johns Hopkins University, 
receiving her Ph.D. degree in 1933. In 1934, 
Mrs. Balk was the recipient of a National 
Research Council Grant for study of the 
Cambrian of Llano District, Texas. 

From 1935 until 1947 Dr. Balk taught 
geology at Mount Holyoke College, advanc- 
ing from instructor to associate professor. 
She has lectured in geology both at the 
University of Chicago and Johns Hopkins 
University. From 1955 until 1957, Mrs. 
Balk was stratigraphic geologist with the 
New Mexico Bureau of Mines and since 
1957 has been a professor of geology at New 
Mexico Institute of Mining and Technol- 
ogy, Socorro, New Mexico. 

In addition to her membership in the 
S.E.P.M., Dr. Balk is a member of Sigma 
Xi, American Association for the Advance- 
ment of Science, Paleontological Society, 
Geological Society of America, and New 
Mexico Geological Society. 

Maurice A. Carrigy, was born in Sydney, 
Australia, on December 5, 1928. He entered 
the University of Western Australia in 
1947 and graduated with a B.S. degree in 
1949 and B.Sc. honours in 1950. In Jan- 
uary, 1951, he was awarded a Common- 
wealth Research Grant to study recent sedi- 
ments and processes of sedimentation on the 
Western Australian continental shelves. As 
a result of this work he published two 
papers. One in 1954, in collaboration with 
R. W. Fairbridge, entitled, ‘‘Recent Sedi- 
mentation, Physiography and Structure of 
the Continental Shelves of Western Austra- 
lia,” appeared in Volume 38 of the Journal 
of the Royal Society of Western Australia, 
and the other, entitled, ‘Organic Sedimen- 
tation in Warnbro Sound, Western Austra- 
lia,”’ is the subject of this award and was in- 
cluded in a thesis submitted to the Univer- 
sity of Western Australia for the M.S. de- 
gree which was conferred in February, 
1957. 

In June, 1952, Mr. Carrigy relinquished 
his Commonwealth Research Grant to take 
up a position as Research Officer in the Soil 
Mechanics Laboratory of the Main Roads 
Department of Western Australia, and in 
June, 1957, he joined the staff of the Re- 
search Council of Alberta, Edmonton, Al- 
berta, Canada, to work on the Lower 
Cretaceous Sediments of the Athabasca 
Oil Sands, 
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Mr. Carrigy’s affiliations include member- 
ship in the Geological Society of Australia, 
the Royal Society of Western Australia, and 
the Australian and New Zealand Associa- 
tions for the Advancement of Science. 


ANNUAL BUSINESS MEETING 


The annual business session of the Society 
was called to order at 1:30 p.m., Tuesday, 
March 11, by Stuart A. Levinson, vice- 
president, who introduced the officers for 
the new year as follows: President, Gordon 
Rittenhouse; Vice-President, William M. 
Furnish; Secretary-Treasurer, Raymond E. 
Peck; Editors of the Journal of Paleontology, 
M. L. Thompson and C. W. Collinson; and 
Editor of the Journal of Sedimentary Petrol- 
ogy, Jack L. Hough. Mr. R. V. Hollings- 
worth remains a member of the council as 
Past-President. 

It was moved, seconded, and carried that 
the minutes of the 1957 meeting be ap- 
proved as published in the June, 1957, 
Journal of Sedimentary Petrology and the 
July, 1957, Journal of Paleontology. 

Acting President Levinson gave a resume 
of the following reports; these, however, are 
being printed in full: 

1. Report of the Editor of the Journal of 
Paleontology (M. L. Thompson).—Volume 
31 of the Journal of Paleontology, issued in 
conjunction with the Paleontological Soci- 
ety, contains 1,190 pages and 150 plates of 
fossil illustrations. There are 71 titles plus 
paleontological notes, reviews, subject- 
author index, society records and activities, 
notices, and announcements. This volume 
represents a decrease of 204 pages and an in- 
crease of 4 plates over the preceding year 
but is within only a few pages of a 10 year 
average preceding Volume 30. That part of 
Volume 31 sponsored by the S.E.P.M. 
(Numbers 2, 4, and 6) contains a total of 
506 pages and 78 plates, and contains 24 
papers, 10 paleontological notes and discus- 
sions, and several reviews. About 30 per- 
cent of the contributions are from outside 
North America. 

The S.E.P.M. part of Volume 31 contains 
papers that deal with a large variety of fos- 
sil groups, as well as timely discussions of 
modern shell-bearing invertebrates. Unlike 
the S.E.P.M. part of many earlier volumes, 
a majority of the papers are concerned with 
faunas of Paleozoic age. The stratigraphic 
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OFFICERS OF THE SOCIETY OF ECONOMIC PALEONTOLOGISTS 
AND MINERALOGISTS, 1958-1959 


Seated, left to right, R. E. Peck, Secretary-Treasurer; Gordon Rittenhouse, President; W. M. 
Furnish, Vice-President; standing, left to right; J. L. Hough, Editor, Journal of Sedimentary Petrology; 
M.L. Thompson and C. W. Collinson, Co-Editors, Journal of Paleontology. 


breakdown shows 18 papers on Paleozoic 
fossils, three on Mesozoic fossils, and five on 
Cenozoic fossils. A majority of the papers in 
the volume are on fossils generally termed 
megafossils but the S.E.P.M. numbers have 
13 papers on microfossils and 12 papers on 
macrofossils. About 64 percent of the 
S.E.P.M. text is devoted to microfossils. 
Most are published within less than a year 
after final receipt of the manuscripts. The 
supply of unpublished manuscripts has re- 
mained equivalent to about a complete 
number of the Journal in advance of publi- 
cation. 

The March issue of this volume was 
handled by the former S.E.P.M. editor, Dr. 
W. M. Furnish. Special thanks are extended 
to him for making a trip to the present 


editor’s offices at Lawrence, Kansas, and 
spending considerable time going over all 
phases of editorial problems before his re- 
sponsibilities ended. The University of 
Kansas and the Illinois State Geological 
Survey contributed editorial and financial 
assistance. 

2. Report of the Editor of the Journal of 
Sedimentary Petrology (Jack L. Hough).— 
The Journal of Sedimentary Petrology was 
expanded from an authorized 96 pages per 
issue to 128 pages per issue (with approval 
of the council) beginning in June, 1957. This 
was necessary to accommodate a large back- 
log of manuscripts which had been accepted 
for publication. By the end of the year the 
backlog of manuscripts was reduced to a 
satisfactory size, and no further increase in 
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’ Articles Notes Discussions | Reviews oy tinge Other} Total 
No. | Pages | No. | Pages| No. | Pages| No. | Pages| Pages | Pages Pages | Pages 

1. (Mar.) 7 86 — — — — -- — 2 13 24 92 

2. (June) iv 101 — —_ 2 6 1 1 19 4 43 #32 

' 3. (Sept.) | 12 | 115 1 4] 1 5 1 2 — 4 | 1h | 128 

4 4. (Dec.) 11 114 — — 1 2 — — 5 13 4} 132 
Total [42 | 416 | 1 | 4] 4/13 | 2 | 3 | 26 | 4 | 18 | 4e4- 






































1 Including announcements of meetings, programs, minutes of annual meeting, revised Constitution 


and By-laws. 
2? Exclusive of advertisements on cover. 


3 “Other” includes title pages, index, errata, and a 2-page memorial. 


size appears to be needed in the near future. 

The Journal was published in 1957 as 
Volume 27, Numbers 1 through 4. A sum- 
mary of the contents is given in the table at 
the top of the page. 

The membership list of the Society of 
Economic Paleontologists and Mineralo- 
gists was omitted from Volume 27, in order 
to save space for technical articles, but it of 
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As in the past eight years, the University 


Illinois has provided a part-time editorial 


will be published in Volume 28. assistant. 


a The national origins of the articles, notes, 


3. Report of the Secretary-Treasurer (Sam- 


and discussions are as follows: uel P. Ellison, Jr.)— 


MEMBERSHIP, MAILING, AND 


1. S.E.P.M. Membership: 


JOURNAL STATISTICS 


Dec. 31, Dec. 31, Dec. 31, 
1957 1956 1955 











ee sc ce ne a a ee etal 1,085 990 895 
EAS eco Ss ip ve ea hee taete lois SudIRE Sabet aces 319 292 285 
a el ecca.ns do ha ee CE EM ARCS ee eee wk 6 5 5 
isi dilnchs tos eS wan a REN A eles oie 3 3 3 
I 1,413 1,290 1,188 
‘ 2. Journal of Paleontology Mailing List: 

S.E.P.M. Active & Honorary Members..................... 528 509 485 
NE iG aie hehe wk te kew eke Kase eRaeKaee 160 150 155 
eet eas aa nde aime cuia ye ebeiks 840 810 722 
ce SESE Ae tere ey a eon ene tee peer 638 624 610 
2,166 2,093 1,972 

3. Journal of Sedimentary Petrology > var an dy List: 
S.E.P.M. Active & Honorary Members 721 677 607 
im eo orars Sasisces vie nse Helis ks aaa GOA 207 184 171 
I, ks sb kee cc eae cs kee sae rer esnasys 6 5 5 
oo aah a vanirea swathes bea eee dw eee 979 890 806 
1,913 1,756 1,584 
4. Edition of Journal of Paleontology...............00.000000 0005. 2,400 2,400 2,200 
5. Edition of Journal of Sedimentary Petrology................... 2,400 2 100 1,900 
6. Number of Pages, Journal of Paleontology..................... 1,190 1 ” 304 1,084 
fi 7. Number of Plates, Journal of Paleontology.................... 150 146 108 
8. Number of Pages, Journal of Sedimentary Petrology ............ 484 386 317 
Soro isd acdntria) sig 05°54. 5008: 8 G6 Biases Shania Ease 150 137 161 
10. Transfers to Active Membership..................--.2-.2-05. 49 41 47 
11. Members and associates dropped for non-payment of dues, 1/1/58. 49 17 16 











see OS SM 
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The Council, Society of Economic Paleontologists and Mineralogists: 


We have examined the balance sheet of Society of Economic Paleontologists and 
Mineralogists at December 31, 1957, and the related statement of income and surplus for 
the year then ended. Our examination was made in accordance with generally accepted 
auditing standards, and accordingly included such tests of the accounting records and 
such other auditing procedures as we considered necessary in the circumstances. 

In our opinion, the accompanying balance sheet and statement of income and surplus 
present fairly the financial position of Society of Economic Paleontologists and Mineralog- 
~ a ists at December 31, 1957, and the results of its operations for the year then ended, in con- 
on formity with generally accepted accounting principles applied on a basis consistent with 
that of the preceding year. 

ARTHUR YouNG & CoMPANY 
Tulsa, Oklahoma, January 20, 1958 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
; BALANCE SHEET, DECEMBER 31, 1957 


ASSETS Total General 


Fund 


Publica- 
tion Fund 
CURRENT ASSETS: 

Cash 


$26,765.03 $20,711.06 $6,053.07 























A aan ny Relea ene an cs ag MEET IE DEA SES 2,745.84 2.745-84 
cine Cinch eas Eos eK adreneeeabNAe Senses 550.64 499. 61 51.00 
- Pn og I a alent Tee eee $30,061 48 $25, 956. 51 $6,104.97 
al — PUBLICATIONS: 
Journal of Paleontology: 
i Issues prior to 1957—11,114 journals at $0.50 each (1,715 complete volumes). $ 5,557-00 $5,557.00 $ — 
a Issues 1 to 6 of 1987 7—1,144 Jol CE Oo. cared dankyeu ene saatyes 2,402.61 2,402.61 - 
n- 3 Reprints in 048, _volusse I 1927—675 NN Se 1,470.02 1,470.02 _ 
Journal of Petrology 
Issues prior to pons sees oo aie at $0.50 each (761 complete volumes)... . 1,343.50 +343-50 — 
Tssues 1 to 4 Oe Oa 2,150.46 2,150.46 — 
Special publications: 
Turbidity Currents, 230 copies, at 00st. ........-..2+--cescsceeee- 196.67 _— 196.67 
Recent Marine jenta, Gas copses, St COST... .. 2.2.2 .eeceeeees ; 1,324-77 — 1,324.77 
) Finding Ancient Shorelines, ON EE Oe Re rn 452.68 - 452.68 
Regional Aspects of Carbonate Deposition, 555 copies, at cost. . 1,238.98 — 1,238.98 
pS ITEP ESE Re pe my eae OO $16.196.69 $12,983.59 $3,213.10 
FURNITURE AND FIXTURES (less reserve, $1,703.84).........-0---0+ , ssctoee Se 1.00 $ 1.00 $ — 
EEE eR Pe ES Oe Ee eee eee ...-. § gt3.909 $ 33:00 $ — 





$46,573.16 $37,255.09 $9,318.07 

















p LIABILITIES AND SURPLUS 
CURRENT mee ng 
es haan einkdncdsGseniiutsTiweareaenteeekae $ 164.05 $ 157.10 $ 6.05 
Amount dans vy oo aig ca ene sauseanaieee 4,646.05 4,646.05 —_ 
5... casi aeeceeuner er eeemndesnasenwae $ 4,810.10 $ 4,803.15 $ 6.95 
DEFERRED 


CREDITS: 
Subscriptions to yn ge of portion to be received by Paleontological Society $ 8,817.03 $ 8,817.03 $ — 
occ a cls cen eeecueds cine sasuesddebeseaewaneas 9,492.00 9,492.00 _— 


en OR ee ey ene 


OO ee 





$18,309.03 $18,309.03 $ — 
$0,311.12 
$46,573.16 $37,255.09 $0,318.07 





$23,454.03 $14,142.01 








ae 





4. Report of the Research Committee (H. A. 
Ireland, Chairman).—Membership of the 
Committee, with terms ending at the an- 
nul meeting of each year as indicated, con- 
sists of the following: 1958- W. J. Plumley, 
R. R. Shrock, W. H. Akers, Eli Mencher; 
1959—R. V. ogee, S. A. Levinson, 
D. L. Inman, V. ©. Barnes, A. R. Loeblich, 


H. H. Murray; 1960—G. E. Murray, L. M. 
Cline, W. D. Pye, H. A. Ireland, and S. G. 
Wissler. 

At the annual meeting of the 1957 Re- 
search Committee on April 1, in St. Louis, 
Curt Teichert, the preceding chairman, 
turned over the Committee to H. A. Ire- 
land. Plans were laid for the committee 
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SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
STATEMENT OF INCOME AND SURPLUS 
YEAR ENDED DECEMBER 31, 1957 


INCOME: 
Membership dues and subscriptions: 
Journals of Paleontology and Sedimentary Petrology 
Journal of Paleontology 
Journal of Sedimentary Petrology 


Sales of special publications: 
Turbidity Currents 


Recent Marine Sediments....................-..--- 


Finding Ancient Shorelines 


Regional Aspects of Carbonate Deposition............ 


Sales of back numbers: 
Journal of Paleontology, Volumes 1 to 31 
Journal of Sedimentary Petrology 


Sales of plates 
MIE oes. Sewdawmen nas : 


Convention income. 


Donations (including _,840.00 from The American Association of Petroleum 


Geologists) 


Miscellaneous 


General Publica- 
Totak Fund tion Fund 


$ 4,090.00 an 
15,227.90 = 
8,873.04 8,873.04 cad 





$28,190.94 $28,190.04 $ — 





$ 372.08 $ $ 372.08 
QII.00 QII.00 
571.10 571.10 

7,196.80 7,196.80 


$ 9,051.88 $0,051.88 








$ 6,806.50 $ 6,806.50 
885.10 885.10 


$ 7,691.60 $ 7,691.60 
$ 784.57 $ 784.57 











$ 502.25 $ 502.25 


$ 282.36 $ 282.36 








$ 5,136.77. $ 5,136.77 





$ 348.12 $ 348.12 
$51,988.49 $42,936.61 $9,051.88 





Less: Portion of 1957 income accrued to Paleontological Society............. 4,386.90 4,386.90 


COSTS AND EXPENSES: 
Cost of printing: 
Journal of Paleontology 
Journal of Sedimentary Petrology....... 
Regional Aspects of Carbonate Waitin 


Expenses: 
Clerical salaries 
Office supplies 
Postage and express 
Sao foc say deiscaroy Gialamas 9. ondio-erdieliais ibimeeve mai 


Adjustment for increase in inventory of publications 


NET INCOME 


SUMIEUS AE SRGMMIIEE SE, THGD 6.0.0 oc oo 555 ccc csccececsces 


SURPLUS AT DECEMBER 31, 1957 


activity for 1957-1958. The organization of 
the Research Committee Symposium on 
Silica in Sediments for 1958 was discussed 
concerning subject matter and possible par- 
ticipants. Only a year was available in which 
to organize the symposium. A new policy 
was established and approved by the Coun- 
cil providing for a Vice-Chairman to organ- 





$47,601.59 $38,549.71 $9,051.88 





$14,642.10 $14,642.10 $ — 
9,895.81 9,895.81 — 
5,563.15 = 5,563.15 





$30,101.06 $24,537.91 $5,563. 





$ 7,867.00 $ 7,867.00 $ 

616.05 616.05 
1,722.57 1,585.00 
2,000.00 2,000.00 

42.06 42.06 

210.00 210.00 

172.47 172.47 eee 
1,401.11 035.23 465. 





$14,031.26 $13,427. $ 603. 
$ (632.50) $ (323. $ (308. 
$43,400.82 $37,642. $5,857.: 











$4,101.77 $ 907 $3,104.31 


Saeed ated Se ~-ese 20,958.90 86,005 6,116.81 





$23,454.03 $14,142. $0,311.12 











ize a symposium for two years hence. Gro- 
ver E. Murray was appointed Vice-Chair- 
man and after discussion the subject of 
“Classification of Sedimentary Units” was 
tentatively selected for the symposium for 
1959. This new policy allows two years for 
preparation of the annual symposium. 
The second symposium session generally 
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reserved for the President’s organization 
was merged with the session allotted to the 
Research Committee to allow a full day for 
Silica in Sediments. It was decided to 
recommend publication of the symposium 
as a Special Publication, and the Chairman 
was authorized to collect the papers and 
edit them. A deadline of September 15 was 
set for all papers to be in hand for the 
publication. 

Following the meeting in St. Louis, the 
Chairman proceeded with solicitation of the 
committee for men doing research on silica 
and most of the participants on the sympo- 
sium were committed by June. The papers 
cover sources, occurrence, solution, dep- 
osition, diagenesis, geochemistry, and re- 
gional examples and studies of silica in sedi- 
ments. A panel discussion including all par- 
ticipants will follow the symposium. 

The Research Committee nominated 
Charles E. Decker, Marcus A. Hanna, and 
Hans E. Thalmann to be elected as Honor- 
ary Members of the Society. They were ap- 
proved by the council and notified by the 
President. W. J. Hilseweck, Henry V. Howe, 
and U. S. Grant, IV, respectively, were re- 
quested by the President to make the cita- 
tions and presentations in Los Angeles in 
March, 1958. 

The Research Committee selected for the 
Best Paper Award for the Journal of Pale- 
ontology for 1956 the article, ‘‘The Evolu- 
tion of Some Upper Cambrian and Lower 
Ordovician Trilobite Families,”” by Chris- 
tina Lochman-Balk. The Best Paper Award 
for the Journal of Sedimentary Petrology 
was “Organic Sedimentation in Warnbro 
Sound, Western Australia,’’ by Maurice A. 
Carrigy. Presentation of a citation and cer- 
tificate to each recipient will be made by 
H. A. Ireland at the Business Meeting of the 
S.E.P.M. in Los Angeles. 

The Research Committee held its final 
meeting at the Biltmore Hotel on Monday, 
March 10, at 10:30 a.m. Members present 
were: H. A. Ireland, S. A. Levinson, Hay- 
den Murray, Grover Murray, Virgil Barnes, 
L. M. Cline, A. R. Loeblich, Robert R. 
Shrock, William J. Plumley, Douglas In- 
man, Ely Mencher. Others present were 
Heinz Lowenstam who will become a new 
member of the committee and incoming 
S.E.P.M. President and Secretary-Treas- 
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urer, Gordon Rittenhouse and Raymond E. 
Peck. 

The Committee nominated Henryk B. 
Stenzel for Honorary Membership and will 
recommend his election by the Council. It 
also requested incoming President Ritten- 
house to notify him as soon as possible. 

The Committee voted to request the ap- 
proval of the Council for publication of the 
1958 Symposium, ‘‘Silica in Sediments,”’ to 
be edited by H. A. Ireland. 

It was decided that the Research Com- 
mittee Symposium for 1960 will be en- 
titled, ‘‘Relation of Paleontology and Min- 
eralogy to Polar Wandering and Continental 
Drift.’’ This will be under the direction of 
Arthur Munyan. 

5. Report on the Earth Sciences Division of 
the National Research Council (Francis J. 
Pettijohn, S.E.P.M. Representative).—The 
Division’s activities are (1) advising other 
federal agencies (National Science Founda- 
tion, etc.), (2) conducting conferences on 
special topics, and (3) organization of tech- 
nical committees. 

Of special interest are the six advisory 
committees that screen applications for 
fellowships. The support given for earth 
science education and research is most im- 
portant and such support cannot be prop- 
erly allocated without the work of these 
committees. 

Conferences on tektites, on clay minerals, 
and on basalt were conducted under Divi- 
sion auspices. The proceedings of the con- 
ferences on tektites and clay minerals will be 
published. A conference on arctic sea ice is 
scheduled for early 1958. 

The Committee on Marine Ecology and 
Paleoecology has completed its work. The 
results are embodied in the two volumes 
which have been issued as Memoir 67 by 
the Geological Society of America. A new 
Committee on Oceanography, interdivi- 
sional in membership, has been organized to 
assume leadership in the advancement of the 
marine sciences and to provide guidance to 
the federal agencies in their studies of the 
ocean. The Committee on the Glacial Map 
of the United States is preparing a new gla- 
cial map to supersede that published by the 
Geological Society of America in 1945. The 
two technical committees mentioned above 
plus the Committee on Clay Minerals are 
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perhaps those of greatest interest to the 
members of S.E.P.M. 

6. Report on the American Geological In- 
stitute (Robert R. Shrock)—Now that Geo- 
Times is being sent to more than 20,000 
earth scientists in North America, including 
all members of S.E.P.M., our membership 
is kept informed of the many different ac- 
tivities, projects, future plans, and pres- 
ent problems of the American Geological 
Institute. There is no need, therefore, to re- 
port in detail on any of these particular ac- 
tivities. 

Your representative attended the meet- 
ing of the Board of Directors of A.G.I. in 
Atlantic City, November 6, 1957. From the 
usual reports of officers and committees 
came four items of special interest to our 
membership. 

(1) As a result of a vigorous program 
carried out by loyal and hard- working off- 
cers of A.G.I., the Institute is in the black 
for the first time, thanks to a $20,000 grant 
from the National Science Foundation, and 
increases in the number of Industrial As- 
sociates and in the number of the ‘“‘Com- 
mittee of 100.’’ Even with this support, how- 
ever, as well as the tithes from most of the 
member societies, the Institute does not yet 
have a guaranteed continuing adequate in- 
come. Though lessened somewhat, the prob- 
lem of adequate support on a continuing 
basis is still a major one to be solved if the 
Institute is to continue publication of Geo- 
Times and to carry on even a reasonable 
number of the many services that members 
of the member societies would like to see 
offered by A.G.I. 

(2) GeoTimes, now going free to some 
20,000 earth scientists, is read widely and 
has gained wide acceptance as spokesman 
for our profession. It has been quite influ- 
ential in advertising several publications 
and in providing advanced publicity for the 
very successful ‘‘Geology Month’’ for the 
Boy Scouts. It is hoped that GeoTimes can 
be sent ultimately to all of the 30,000 earth 
scientists who are interested enough in this 
broad area to want to receive it. 

(3) The Glossary of Geology and Related 
Sciences, A.G.I.’s first major publication, 
and entirely an A.G.I. affair so far as prepa- 
ration was concerned, proved an immediate 
financial success. The manuscript went to 
press in late February, 1957, and the first 
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printing of 5000, out in May, was exhausted 
in July. A second printing of 5000 was 
ordered and completely paid for and more 
than 1700 copies of the second printing have 
already been sold. 

With funds now available in the Publica- 
tion Fund, the A.G.I. will soon bring out a 
new edition of the “Career Booklet” and 
expects to distribute some 50,000 copies of 
this edition in the next two or three years. 
The Institute also recently brought out a 
new edition of the ‘‘Directory of Depart- 
ments of Geological Sciences’ and, thanks 
to the A.A.P.G., will soon bring out, as an 
A.G.I. publication, the second edition of the 
“Directory of Geological Information.’’ The 
Institute will soon have in press Max 
Pangborn’s ‘‘Earth for the Layman” which 
is an index of popular books on the earth 
sciences. All of these are service publi- 
cations and together constitute one of 
the more important activities of the Insti- 
tute. 

(4) The Institute, through its member- 
ship and GeoTimes, took an active and ef- 
fective part helping the Boy Scouts in the 
Geology Month of October, 1957. 

In addition to the very important problem 
of getting A.G.I. on a sound financial basis is 
the second problem of keeping the Institute 
a tax-free organization. For many reasons 
that cannot be presented here because of 
space limitation, the officers of the Institute 
are fully convinced that it must continue to 
retain this tax-free basis even though this 
means that the Institute cannot engage in 
lobbying, nor can it try to influence public 
boards or commissions. Consequently, the 
Institute is prevented from carrying out 
many kinds of activities that members of 
the member societies have brought to the 
attention of the officers and Board of Di- 
rectors. Chief among these perplexing 
challenges is that of the problem of licens- 
ing geologists and geophysicists. 

Your representative came away from the 
meeting with the feeling that although the 
A.G.I. is on firmer ground than ever before, 
its long-term financial problems still await 
solution. GeoTimes is growing in its influ- 
ence and effectiveness in representing our 
profession, but will need continued financial 
support. There are many old and new per- 
plexing problems that lie ahead for future 
Boards of Directors. It is also your repre- 
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sentative’s opinion that the Institute is well 
worth the continued support of our own 
Society. 

It is strongly suggested that the S.E.P.M. 
Council give serious consideration to the 
matter of bringing the terms of service of its 
directors into better agreement with the 
operating year of the A.G.I., so that there is 
no misunderstanding as to the responsibili- 
ties of incoming and outgoing S.E.P.M. 
officers. A similar suggestion was included 
in the 1957 report of Past-President Francis 
J. Pettijohn. 

7. Report of the S.E.P.M. Representative to 
the A.G.I. Government Relations Committee 
(Norman S. Hinchey).—The A.G.I. Govern- 
ment Relations Committee met in Atlantic 
City, New Jersey, on November 5, 1957. 

The subjects discussed at the committee 
meeting are briefly noted below. No formal 
action was taken and as a result nothing 
was formally referred to the Executive Com- 
mittee of A.G.I. 

(1) The problem of the Antiquities Act 
that has been of concern to the Society of 
Vertebrate Paleontology was discussed. It 
was the consensus that care should be taken 
by the S.V.P. Committee that new rules and 
regulations be set up in such a way that they 
not serve to block private geologists in the 
course of normal field work. 

(2) The problem of reimbursement of 
travel expenses of U. S. Geological Survey 
personnel on Distinguished Lecture tour 
was discussed. Dr. Stephenson reported 
that A.G.I. is cooperating with the Ameri- 
can Institute of Biological Sciences in an at- 
tempt to develop a workable policy with the 
Comptroller General. 

(3) American Geological Institute con- 
tinues to be the registering agency for the 
nation and hopes to be able in the future to 
use the registry data for statistical studies 
of the profession. 

(4) The joint meeting with A.A.P.G. 
National Responsibilities Committee, last 
spring in St. Louis, was discussed. It was the 
consensus that liaison between the two 
committees was highly desirable and that a 
member or members of our committee might 
sit as observers at the annual meeting of the 
A.A.P.G. committee. 

(5) Dr. Stephenson reviewed progress on 
the problem of the definition of research in 
the Earth Sciences as used by the National 
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Science Foundation. The N.S.F. requested 
a committee of the American Petroleum 
Institute to meet with the Bureau of Labor 
Statistics and it was agreed that funda- 
mental field exploration be classed as re- 
search. However, it was found so difficult 
to operate the new definition that it was 
agreed to go back to the Harvard Business 
School definition for this year, with the 
hopes that a new and workable definition 
can soon be developed. 

(6) The ad hoc Committee on Licensing 
was scheduled to meet with our committee 
but due to a series of circumstances did not 
do so. Dr. George E. Ekblaw, chairman of 
that committee, prepared a general state- 
ment and will welcome comments from any 
of the members of our committee. 

(7) Dr. Meyerhoff discussed current ac- 
tivities of SMC—EMC and the Reserve Act. 
Under the new plan the military will take 
only 2000 scientists and engineers per year; 
they will be assigned a service; and their 
duty in uniform will be reduced to three 
months. The December number of Geo- 
Times will contain a column describing this 
new plan. 

8. Report of the Joint Committee on In- 
vertebrate Paleontology (Raymond C. Moore). 
—Progress in the organization of volumes 
planned for the Treatise on Invertebrate 
Paleontology has been retarded during the 
past year for several unavoidable reasons, 
chief of which has been delay in completion 
of assigned segments for various contribut- 
ing authors. Nevertheless, typescript and 
materials for illustrations have steadily been 
accumulating with distribution to their ap- 
propriate divisions so as to be ready when 
other needed parts are available. 

The volume next to appear in the series 
will be part “O,” Arthropoda 1, on trilo- 
bites and related forms. Typesetting is be- 
gun for this section, but appearance of the 
volume cannot be earlier than late in 1958. 
Size will be comparable to that of the last 
published Parts on Coelenterata and Am- 
monoidea. 

Typescript for nearly all of Part “I,” 
Mollusca 1, treating chitons, scaphopods, 
and all Paleozoic gastropods is in hand and 
nearly all illustrations have been prepared. 
Expected readiness of the Parts on foramin- 
ifers and ostracodes has not been realized. 

It is appropriate to record, with deep re 
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gret, the loss by death of several contribut- 
ing authors—Austin H. Clark, L. M. 
Davies, Emma Richter, Rudolf Richter, 
W. K. Spencer, Merrill Stainbrook, O. W. 
Tiegs, J. Wanner, T. H. Withers, and 
Arthur Wrigley. At least part of the contri- 
bution expected from each of the authors 
except Dr. Clark and Dr. Stainbrook had 
been received prior to their death. 

There is need to push ahead the task of 
completing unfinished volumes. 

9. Report of the Permian Basin Section 
(W. A. Waldschmidt).—The Permian Basin 
Section will have completed its fourth year 
at the close of its third annual meeting 
which is to be held at the Scharbauer Hotel 
in Midland, Texas, on March 28 and 29, 
1958. Arrangements will be made to begin 
registration on the afternoon of March 27. 
For this meeting, J. P. D. Hull, Jr. is gen- 
eral chairman and Edward A. Vogler is co- 
chairman. The technical program is being 
arranged by Donald A. Zimmerman, chair- 
man, and his co-chairman, G. A. Sanderson. 

Present officers of the Permian Basin Sec- 
tion are: W. A. Waldschmidt, President; 
Wayne W. Roye, Ist Vice-President; 
Donald A. Zimmerman, 2nd Vice-President; 
M. R. Stipp, Secretary; and Booker L. Mc- 
Dearmon, Treasurer. Balloting for officers 
will not be completed until March 1; con- 
sequently, the names of the Executive Com- 
mittee members for the ensuing year will 
have to be announced at a later date. 

Shortly after the present Executive Com- 
mittee took office, the sale of all publications 
of the Permian Basin Section was delegated 
to the Microviolite Company, 420 West 
Texas Street, Midland, Texas. 

The annual field trip of the Permian 
Basin Section will be held April 10, 11, and 
12 on the ‘‘Cretaceous Platform and Geo- 
syncline, Culberson and Hudspeth Counties, 
Trans-Pecos Texas.”’ Registration will be at 
Van Horn, Texas, on the afternoon of 
April 10, 1958. Wayne W. Roye is general 
chairman for this trip. The leaders will be 
Professor Ronald K. DeFord of the Univer- 
sity of Texas and Dr. John P. Brand of 
Texas Technological College. Localities to 
be studied are in the Apache, Wylie, Van 
Horn and Indio Mountains. 

Membership of the Permian Basin Sec- 
tion in May, 1957, was 285. It is hoped that 
the number of members will be as large or 


larger at the close of the third annual meet- 
ing. 

10. Report of the Gulf Coast Section (Jack 
Colle).—The 1957 year was quite successful 
under the guidance of President Lloyd 
Pyeatt. Progress was made and is continu- 
ing to be made on the Type Localities Proj- 
ect. 

The high light of the year was a field trip 
held October 18 and 19. This trip covered 
the Oligocene and portion of the Eocene 
stratigraphy of western Mississippi, central 
Louisiana, and eastern Texas. Numerous 
localities were visited and sampled by ap- 
proximately seventy-five members of the 
S.E.P.M. Fred Smith, Professor of Geology 
at Texas A. & M. College, led the field trip 
and is due considerable credit for his excel- 
lent work. An important event was a night 
meeting at Alexandria, Louisiana. Professor 
Clarence O. Durham of the Louisiana State 
University School of Geology was the prin- 
cipal speaker, reporting on recent work that 
he and other staff members have accom- 
plished in field studies in central and north- 
ern Louisiana. The annual field trip guide 
book is available through Jack Colle, 911 
San Jacinto Building, Houston, Texas. 

The annual meeting of the Section was 
held in New Orleans November 6 through 
8, 1957. The first day of the two-day Tech- 
nical Session was a joint meeting with the 
Gulf Coast Association of Geological Soci- 
eties. The second day, the section held its 
own technical session concurrently with the 
other meeting. A number of interesting 
papers were presented. 

The annual business meeting was held at 
the close of the Technical Session with Presi- 
dent Pyeatt presiding. Following reports of 
the various officers and committee chairmen, 
there was a discussion of various projects 
that are in progress and will be pursued dur- 
ing the coming year. Mr. Pyeatt thanked 
his officers and the membership for their co- 
operation during the year. The meeting was 
turned over to the new president, Jack 
Colle. After a few words by the incoming 
president, the meeting was adjourned. 

11. S.E.P.M. President’s Report (R. V. 
Hollingsworth).—The financial position of 
the Society is improving although finances 
remain our most serious problem. The Gen- 
eral Fund showed a profit of $907.46 in 
1957 as compared with a loss of $637.17, in 
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1956. Had it not been for a donation of 
$1800 from the A.A.P.G. and $282.36 from 
the St. Louis Convention, we would have 
shown a loss of $1174.90. Also, we received a 
donation from C. W. Tomlinson and the 
University of Kansas of $1296.77 toward 
the payment of engraving the Journal of 
Paleontology without which our loss would 
have amounted to $2471.67. The Publica- 
tion Fund showed a profit of $4101.77 in 
comparison with a profit of $1860.88 for 
1956 and is in fairly good shape for future 
spending on Special Publications. Printing 
costs have substantially increased and their 
effect upon our financial status will be ap- 
proximately offset by the increase in dues 
which was approved in the Business Meet- 
ing at St. Louis and will be reflected in our 
1958 income. 

The Journal of Paleontology and the Jour- 
nal of Sedimentary Petrology are both receiv- 
ing increased recognition. These journals are 
a primary reason for the existence of the So- 
ciety and are its most important activity. 
The special donation of $1800 from the 
A.A.P.G. permits the Journal of Sedimen- 
tary Petrology to publish an increased num- 
ber of papers and thus reduce the backlog 
and shorten the prepublication.waiting pe- 
riod. However, other income must be found 
to enable our journals to continue to flour- 
ish, meet the future demands upon them, 
and to meet the rising costs of printing. 

Our membership again increased about 
ten per cent in 1957 and this seems to be 
about the normal rate of growth, which in- 
dicates that new measures should be taken 
toward a solution of the problem of how to 
stimulate our growth. A concentrated effort 
made by several individual members, par- 
ticularly Jack L. Hough at the University of 
Illinois, produced good results but did not 
increase the percentage rate of growth and 
our total membership is far below what it 
should be to support our program of activi- 
ties. Our Technical Program continues to 
be an important part of the annual joint 
meeting with the A.A.P.G. and our partici- 
pation is much greater than would be in- 
ferred from relative membership figures. At 
the 1957 St. Louis meeting our Society pre- 
sented 25 papers compared with 28 by 
A.A.P.G. and this year the comparable fig- 
ures are in about the same proportion, 31 
and 34 respectively. This record indicates 
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the growing importance of our Society and 
should serve as a stimulus to our member- 
ship to make a concerted effort to get new 
members. 

Further recognition of the importance of 
the Research Committee has been made by 
putting into effect the plan recommended 
by a special committee and approved by 
the council whereby the subjects of the sym- 
posia are determined two years in advance 
and the ultimate chairman of the symposi- 
um is appointed vice-chairman two years in 
advance in order to provide adequate time 
to organize the symposium. Outstanding 
work by H. A. Ireland as chairman during 
this initial year of the new plan has pro- 
vided the basis for this procedure to operate 
successfully and make it possible to have the 
manuscripts in hand at the time of the meet- 
ing to permit arrangements for publication 
to follow expediently. 

Especial services were rendered during 
the year by the following members and I 
offer them my sincerest thanks: (1) the vari- 
ous chairmen and co-chairmen of the techni- 
cal sessions of the annual meeting; (2) Vice- 
President Stuart A. Levinson, who had the 
primary responsibility for the Los Angeles 
Technical Program, particularly for extraor- 
dinary performance of unexpected duties; 
(3) the two nominating committees which 
consisted of R. Dana Russell, chairman, 
W. A. Waldschmidt and J. D. Bainton, and 
Brooks F. Ellis, chairman, Lloyd M. Pyeatt, 
and Bernhard Kummel; (4) J. D. Bainton 
as Vice-Chairman for S.E.P.M. and mem- 
ber of the Central Committee for the 1958 
joint annual meetings in Los Angeles; (5) 
H. A. Ireland as chairman of the Research 
Committee and organizer of the 1958 Sym- 
posium on Silica in Sediments and Grover E. 
Murray as 1958 vice-chairman and chair- 
man and organizer for the 1959 symposium 
on a subject dealing with the classification of 
sedimentary units; (6) W. D. Keller as chair- 
man of the Best Paper Awards committee 
for the Los Angeles meeting; (7) Norman 
Hinchey as representative to the Govern- 
ment Relations Committee of the A.G.I.; 
(8) Francis Pettijohn as representative to 
the National Research Council; (9) R. C. 
Moore as S.E.P.M. representative on the 
committee for the preparation of the Trea- 
tise on Invertebrate Paleontology; (10) 
Daniel A. Busch as chairman of the Resolu- 
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tions Committee for the annual meeting; 
and particularly (11) Robert H. Dott and 
Mrs. Ruth Tener, the Society’s efficient 
business manager and Headquarters secre- 
tary, respectively, for their valuable services 
to the Society in all its functions. 

An addition to the S.E.P.M. By-Laws 
was presented by Secretary-Treasurer Elli- 
son. It is suggested that the following be in- 
serted as Article XI and the present Article 
XI be changed to Article XII. 


ARTICLE XI. PUBLICATIONS COMMITTEE 


1. The membership of this committee 
shall consist of five members, including a 
chairman, three other members, and the 
chairman of the Research Committee as an 
ex-officio member. The tenure of office of the 
chairman and members shall be two years. 
Membership of the committee shall be ap- 
pointed by the president from members and 
associates of the Society. 

2. The duties of the Publications Com- 
mittee shall be to recommend to the council 
manuscripts or symposia which merit con- 
sideration as S.E.P.M. special publications. 
The Publications Committee shall further 
recommend type of reproduction, number of 
copies, and cost figures of manuscripts or 
symposia. 

3. Upon approval of the council, this 
committee, with the appropriate Society 
editor or editors, shall edit (or have edited) 
and publish these manuscripts or symposia. 

4. The activities of this committee will 
include recommending to the council sug- 
gestions for improving the quality of our 
Society Journals consistent with the budg- 
eted monies allotted for publication. 

It was moved, seconded, and carried that 
the above Article be added to our By-Laws. 

Acting President Levinson called for new 
business and Mr. R. Dana Russell stated 
that. the pool of presidential candidates 
should be further enlarged. It was moved, 
seconded, and carried that a committee be 
appointed by the incoming president to 
study the problem and report to the meet- 
ing next year. 

The meeting was turned over to incom- 
ing President Gordon Rittenhouse. 

The Resolutions Committee, composed of 
Daniel A. Busch, chairman, Orville L. 


SOCIETY RECORDS AND ACTIVITIES 


Bandy, and Robert E. King, presented the 
following ‘‘Resolutions of Thanks.” 

BE IT RESOLVED THAT in behalf of 
the Society we extend an expression of our 
sincere thanks to the following: 

TO STUART A. LEVINSON, technical 
program chairman, for his general supervi- 
sion and handling of the entire technical 
program; 

TO JACK D. BAINTON, S.E.P.M. vice- 
chairman, for his capable attention to the 
many details of the meeting; 

TO H. A. IRELAND, chairman of the 
Research Committee, and GROVER E. 
MURRAY, vice-chairman, for preparing 
the Research Symposium, ‘‘Silica in Sedi- 
ments’”’; 

TO WILBURN H. AKERS and 
CHARLES M. GILBERT for arranging 
the papers on paleontology and stratigra- 
phy, and on sedimentary petrology and 
mineralogy, respectively; 

TO the following S.E.P.M. representa- 
tives on special committees,—E. L. WIN- 
TERER, EDWARD B. FRITZ, W. 
THOMAS ROTHWELL, and M. M. 
WHITE; 

TO LEO R. NEWFARMER, general 
chairman, MASON L. HILL, general vice- 
chairman, JOHN T. HAZZARD, A.A.P.G. 
program chairman, and to the chairmen 
and members of all the convention sub-com- 
mittees, for their efforts in the organization 
of the Los Angeles meeting; 

TO THE EXECUTIVE COMMITTEE 
of the A.A.P.G., for appropriating $2000.00 
as office rent for the Society Headquarters 
at Tulsa, for the donation of $1800.00 in or- 
der that our Journal of Sedimentary Petrol- 
ogy could be enlarged for the year 1957, and 
for sharing the net income from the 1957 
St. Louis Convention; 

TO ROBERT H. DOTT, for his contin- 
ued guidance in his capacity as Business 
Manager of the S.E.P.M.; 

TO OUR EDITORS, M. L. THOMP- 
SON and JACK L. HOUGH, for a “‘job well 
done” in editing our two publications—the 
Journal of Paleontology and Journal of Sedi- 
mentary Petrology; 

AND TO THE BILTMORE HOTEL, 
for providing excellent convention head- 
quarters facilities. 

The meeting adjourned at 2:30 P.M. 





SOCIETY RECORDS AND ACTIVITIES 


NEW OFFICERS PERMIAN BASIN SECTION S.E.P.M. 


President: J. P. D. HULL, JR., Humble Oil and Refining Company, Midland, Texas 

Ist Vice President: CARL ULVOG, Sunray Mid-Continent Oil Company, Midland, Texas 

2nd Vice President: M. RUSSELL STIPP, Standard Oil Company of Texas, Roswell, New Mexico 
Secretary: EDWARD R. KENNEDY, Argo Oil Corporation, Midland, Texas 

Treasurer: ROY HARRIS, McElroy Ranch Company, Midland, Texas 
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